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A B S T R A C T 
Electric power is the most convenient and versatile 
form of energy and has played a vital role in the current 
technological era. The requirement of power and its 
availability has come to be recognised as a surest index of 
overall economic scene of the country because it is a basic 
input for industrial as well as agricultural achievements. 
The demand for power, therefore, has been growing at a 
faster rate than other forms of energy. Power industry too, 
has recorded phenomenal rate of growth both in terms of its 
volume and technological sophistication over the last few 
decades. The installed capacity has grown from 1362 MW in 
1947 to over 72000 MW in March 1993 representing a growth of 
about 52 times. 
Although the achievements of the power sector have been 
impressive in absolute terms, the country is not out of era 
of power shortages due to ever increasing power demand on 
account of explosive increase in population and industrial 
activity cind at the same time the scarcity of investible 
funds for the expansion of electricity supply base. The 
power scenario that confronts the country today is one of 
the increasing shortages. Though most of the States have 
been experiencing acute power shortage, the Jammu and 
Kashmir State is worse effected which is largely dependent 
on hydro power. With this background the present study 
entitled "Problems and Performance of Major Power Projects 
in Jammu and Kashmir State with reference to Lower Jhelum 
Hydroelectric Projects" has been undertaken. The specific 
objectives of the study are as follows : 
OBJECTIVES OF THE STUDY 
(a) To analyse the present position and future prospects 
for power supply in the State. 
(b) To highlight the problems of generation variation and 
performance of various Power Projects in the State. 
(c) To study and evaluate the problems and performance of 
Lower Jhelum Hydroelectric Project. 
(d) To suggest the suitable measures to increase the 
generating capacity of existing Power Projects and 
other steps to overcome the problems of power supply in 
the State. 
SCOPE OF l-HE STUDY 
The scope of the study is limited to J & K State. The 
State bestowed with natural resources has lagged behind the 
economic prosperity of the country. The main reason for this 
State of affairs is the acute shortage of electric power 
supply. Therefore, an urgent need arises to look into 
various aspects of increasing the generating capacity of 
existing power projects and early completion of some 
projects under construction. Hence an attempt has been made 
in this study to evaluate the performance of various power 
project in Jammu & Kashmir State and highlight their 
problems. To proceed further an indepth study of the 
working of Lower Jhelum Hydroelectric Project has been made 
which presently contributes the largest amount of 
electricity (69 per cent) in the State. The study covers the 
period from the date each power project had been 
commissioned in the State. 
RESEARCH MEIBODOLOGY 
The information used in the study have been collected 
through secondary sources, which included various journals, 
magazines, economic reviews published in Jammu and Kashmir 
State and some other states as well as published/unpublished 
records of power projects of J & K State, the Power 
Development Department and various other institutions. In 
addition, various power projects in the Jammu Region as well 
as in Kashmir valley were visited and discussions were held 
with various officials of these, projects. Various 
State/Central Govt, departments were also visited in order 
to gather the information for making the study useful. The 
information thus collected from the above sources have been 
tabulated, analysed and interpreted in a way to suit the 
study. 
PLAN OF THE STUDY 
The study has been divided into six chapters. The First 
Chapter presents the power scenario in India. The Second 
Chapter describes the economic factors governing the 
generation and distribution of electricity, and the 
development of power during Five Year Plan periods in Jammu 
and Kashmir State. In the third Chapter attention has been 
focussed towards the performance and generating capacity of 
power projects in Jammu region. An analysis to explore the 
problems effecting generation of power and plant load factor 
in Kashmir region has been made in Chapter Fourth of the 
study. The Fifth Chapter examines in detail various aspects 
particularly generation, plant load factor and cost of 
generation of Lower Jhelum Hydroelectric project. The last 
chapter summarises the major findings of the study and 
offers suitable recommendations for improvement of power 
position in the State. 
DISCUSSION 
The total installed capacity of all the power stations 
in the State is 296.46 MW comprising 62 per cent by hydro 
means and 38 per cent by other means. The total generating 
capacity in the State during the year 1991-92 was 8822.7 
Lakh KWH, while the per capita availability of power was 400 
Lakh KWH during the same year. In order to meet the ever 
growing requirements of the power, the State imports 
20369.37 Lakh KWH power from other States, and thus the 
State has relied more on power imports rather on the growth 
of its own generating capacity. The per capita consumption 
of electricity in the State is 172 KWH as compared to 200 
KWH in the northern region and also in the country as a 
whole. The pattern of electricity consumption in the State 
is dominated by non productive uses. The productive sectors 
of the economy accounts for one third of the total 
electricity consumed in the State. 
The forecasts of demand and supply of electricity 
reveals that the power shortage would continue to plague the 
State even after the year 1995-96. The State Electricity 
Board which is responsible for generation, transmission and 
distribution of electricity in the State has suffered huge 
losses over the years. The tariff per unit of power is too 
low in comparison to its cost. The transmission losses are 
highest (46 per cent) compared with other States and the 
country as a whole. The transmission and distribution 
systems have been relegated in planning for power 
development. As a consequence the State particularly Kashmir 
region is paying dearly on account of lack of transmission 
lines required for carrying electricity from generating 
plants to the consumers. The only link between Kashmir and 
the rest of the country is double circuit 132 KV 
transmission line which has limited capacity of carrying 
only 60 MW power to the valley. 
FINDINGS 
The development of power has not received its due 
attention in the formulation and execution of economic 
plans. In the northern region of India, the J & K had lowest 
plan allocation for power development upto the Seventh Plan 
as compared to other States. Though the Eight Plan 
allocation to the State is higher, still it does not seem to 
be sufficient to meet the requirements. 
At present the total demand of electricity in the State 
in the peaik season is 991 MW and it has been projected to 
1092 MW for the year 1995-96. The optimum generation is 150 
MW which further declines to 100 MW in winter because of the 
fall in the water level in the rivers feeding the 
hydroelectric projects. In addition the Share of State from 
Salal Hydroelectric Project is 121 MW. Hence the total power 
availability is 271 MW and 231 MW in summer and winter 
respectively. Therefore, there exists a wide gap between 
demand and supply of power in the State. The operational 
Power Projects in the State, their installed capacities and 
generation is as follows :-
Projects Installed Generation 
capacity Summer/Winter 
(MW) (MW) 
1. Chenani Hydroelectric 
Project 25 18 15 
2. Ganderbal Hydel Power 
Station 15 9 8 
3. Upper Sindh Hydel Project 
Stage-I 22 18 12 
4. Pampore Gas Turbine 
Station 75 - 10 
5. Lower Jhelum Hydroelectric 
Project (LJHP) 105 90 55 
6. Others 18 15 10 
Total 260 150 110 
Hence at present LJHP constitutes about 36 per cent of 
the total installed capacity in the State and contributes 
about 69 per cent of the total power generation with the 
average Plant Load Factor of 60 per cent. During the year 
1992-93, the State owned Power Projects in Jammu and Kashmir 
achieved Plant Load Factor below than the LJHP. Chenani 
Hydroelectric Project achieved Plant Load Factor of 42.73 
per cent, Ganderbal Hydel Power Station achieved Plant Load 
Factor of 50.79 per cent and Upper Sindh Hydel Project 
Stage-I achieved Plant Load Factor of 35.74 per cent. So the 
performance of LJHP is far more satisfactory than the other 
Power Projects in the State. It is thus clear that the 
overall performance of power projects in J & K is far from 
satisfactory. On account of constraints on the availability 
of sufficient financial resources with the State government 
and no sign of private funding due to the uncertain 
conditions in the valley, there is hardly any hope for 
additional capacity to come up in near future except 480 MW 
Uri Civil Project to be commissioned in May 1997. Further 
the commissioning of this Project will not help to reduce 
the gap in demand and supply as the State's share is likely 
to be 15 to 20 per cent. Hence the State will remain 
dependent on the existing Power Projects such as Chenani 
Hydroelectric Project, Ganderbal Hydel Power Station, Upper 
Sindh Hydel Project Stage-I and LJHP. Under these 
circumstances the efficient utilisation of the existing 
capacity and efficient management of power demand are the 
only options available for the overall management of power 
Supply-demand balance in the State. It is therefore 
necessary to make efforts to improve the efficiency of these 
projects and also take various other steps to improve the 
power position in the State. On the basis of these findings 
the following suggestions have been offered for 
8 
consideration of the government and concerned authorities. 
To increase the generation capacity of Ganderbal Power 
House, there should be improvement in the water conductor, 
by using 745 cusecs water against 475 cusecs water at 
present. There is also need for renovation and modernisation 
of machines and other components of the power house. The 
present Balancing Reservior should be increased from 133 Ac. 
ft to 184 Ac.ft. The sonamarg storage scheme should be 
implemented which will increase the generating capacity of 
Ganderbal power house, Upper Sindh Stage-I, and LJHP. There 
should also be stabilization of Bearing water cooler, 
stabilization of Gates and Gearings and improvement to 
communication system. 
The people should be educated regarding the 
conservation of energy and the Govt, should impose certain 
restrictions on the use of electricity for cooking, space 
heating and other domestic purposes. The Government should 
also take steps to reduce commercial losses. So it is 
necessary to motivate the staff especially at gross root 
levels. The government should come forward to make an 
arrangement for technical training of their employees. There 
is also need to modify the tariff structure. The Government 
should lay stress on self generation rather than import of 
power from outside the State. The concerned authorities 
should also undertake a fresh survey to discover and 
identify fresh hydro electric potential and also ascertain 
the viability of different Power Projects in the State. The 
State government must prepare a plan for private sector 
participation in the Power sector. This aspect has so far 
remain neglected in the State while other States have thrown 
open this important sector to the private firms much 
earlier. As the State is facing a financial crunch there is 
vast scope for participation of private enterpreneurs and 
the State Govt, must announce steps to boost investment in 
this area. It is also suggested that the existing Power 
Projects in the State Which are at a standstill due to want 
of proper finance must also be handed over to the private 
firms. However, this is possible only when favourable 
conditions are created in the State and special incentives 
are announced to attract private investment. 
All out efforts must be made to harness the alternative 
sources of energy i.e.. Mini and Micro hydel schemes, Solar 
energy and Wind power in the State which will be helpful to 
minimise the emerging energy crisis in the State. 
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P g I F A £ S 
Electric power is the most convenient and versatile 
form of energy and has played a vital role in the current 
technological era. The requirement of power and its 
availability has come to be recognised as a surest index of 
overall economic scene of the country because it is a basic 
input for industrial as well as agricultural achievements. 
The demand for power, therefore, has been growing at a 
faster rate than other forms of energy. Power industry too, 
has recorded phenomenal rate of growth both in terms of its 
volume and technological sophistication over the last few 
decades. The installed capacity has grown from 1362 MW in 
1947 to over 72000 4^W in March 1993 representing a growth of 
about 52 times. 
Although the achievements of the power sector have been 
impressive in absolute terms, we are not out of era of power 
shortages due to ever increasing power demand on account of 
explosive increase in population and industrial activity and 
at the Scime time the scarcity of investible funds for the 
expansion of electricity supply base. 
As per 14th power survey the peak power demand by the 
end of the Ninth Plan (2001-02) will be 1,04,000 MW. This 
would require an installed capacity of about 1,70,000 MW. As 
II 
such about 1,00,000 MW of additional generating capacity 
would need to be installed during 1992-2002. This 
requirement of additional installed capacity of 1,00,000 MW 
is quite high. Hence the power scenario that confronts the 
country today is one of the increasing shortages. Though 
most of the States have been experiencing acute power 
shortage, the Jammu and Kashmir State is worse effected 
which is largely dependent on hydro power. The present 
installed capacity of various power projects is 260 MW and 
generation is about 150 MW as against the total electricity 
demand of 991 MW in the State. 
On account of constraints on the availability of 
sufficient financial resources with the State government and 
no sign of private funding due to the uncertain conditions 
in the valley, there is hardly any hope for additional 
capacity to come up in near future except 480 MW Uri Civil 
Project to be commissioned in May 1997, Further the 
commissioning of this Project will not help to reduce the 
gap in demand and supply as the State's share is likely to 
be 15 to 20 per cent. 
Under these circumstances the efficient utilisation of 
the existing capacity and efficient management of power 
demand are the only options available for the overall 
Ill 
management of power supply-demand balance in the State. The 
study of various problems being faced by existing power 
projects in the J & K State and evaluation of their 
performance, therefore, is of great importance in order to 
take necessary steps to bring an improvement in their 
generating capacities. 
With this background the present study entitled 
"Problems and Performance of Major Power Projects in Jammu 
and Kashmir State with reference to Lower Jhelum 
Hydroelectric Project" has been undertaken. The specific 
objectives of the study are as follows: 
OBJECTIVES OF THE STUDY 
(a) To analyse the present position and future prospects 
for power supply in the State. 
(b) To highlight the problems of generation variation and 
performance of various Power Projects in the State. 
(c) To study and evaluate the problems and performance of 
Lower Jhelum Hydroelectric Project. 
(d) To suggest the suitable measures to increase the 
generating capacity of existing Power Projects and 
other steps to overcome the problems of power supply in 
the State. 
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SCOPE OF THE STUDY 
The scope of the study is limited to J & K State. The 
State bestowed with natural resources has lagged behind the 
economic prosperity of the country. The main reason for this 
State of affairs is the acute shortage of electric power 
supply. Therefore, an urgent need arises to look into 
various aspects of increasing the generating capacity of 
existing power projects and early completion of some 
projects under construction. Hence an attempt has been made 
in this study to evaluate the performance of various power 
projects in Jammu & Kashmir State and highlight their 
problems. To proceed further an indepth study of the working 
of Lower Jhelum Hydroelectric Project has been made which 
presently contributes the largest amount of electricity (69 
per cent) in the State. The study covers the period from the 
date each power project had been commissioned in the State. 
RESEARCH METHODOLOGY 
The information used in the study have been collected 
through secondary sources, which included various journals, 
magazines, economic reviews published in Jammu and Kashmir 
State and some other States as well as published/unpublished 
records of power projects of J & K State, the Power 
Development Department and various other institutions. In 
V 
addition, various power projects in the Jammu Region as well 
as in Kashmir valley were visited and discussions were held 
with various officials of these projects. Various 
State/Central Govt, departments were also visited in order 
to gather the information for making the study useful. The 
information thus collected from the above sources have been 
tabulated, analysed and interpreted in a way to suit the 
study. 
PLAN OF STUDY 
The study has been divided into six chapters. The First 
Chapter presents the power scenario in India. The Second 
Chapter describes the economic factors governing the 
generation and distribution of electricity, and the 
development of power during Five Year Plan periods in Jammu 
and Kashmir State. In the third Chapter attention has been 
focussed towards the performance and generating capacity of 
power projects in Jammu region. An analysis to explore the 
problems effecting generation of power and plant load factor 
in Kashmir region has been made in Chapter Fourth of the 
study. The Fifth Chapter examines in detail various aspects 
particularly generation, plant load factor and cost of 
generation of Lower Jhelum Hydroelectric project. The last 
chapter summarises the major findings of the study and 
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offers suitable recommendations for improvement of power 
position in the State. 
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CHAPTER jil 
INTRODUCTION 
Electrical power is the most versatile form of energy 
and provides a crucial infrastructure for economic 
development. It is a vital input for industry and 
agriculture and in every sphere of life it has become a 
necessity rather than a luxury it used to be earlier. The 
demand for power in the country has, therefore, been rising 
at a faster rate than other forms of energy. It has 
outstripped the availability of power causing widespread 
shortages for power in different parts of the country. The 
periods of comfortable power supply position generally 
noticed soon after the commissioning of a new power plant 
are successively becoming shorter and the new capacities are 
being utilised almost as soon as they are commissioned. 
With the growing increase in the population and rapid 
expansion of industrial and agricultural activities in the 
country, the demand for electrical energy is expected to 
increase further. 
According to the 13th Electric Power Survey of India 
published by Central Electricity Authority (CEA) in December 
1987, the requirement of electrical energy is expected to 
increase to 919 billion units and the peak load requirement 
to 174190 MW by the year 2004-05. The CEA has estimated that 
about Rs. 2,02,600 crores would be required during the 
8th ana 9th Plan periods to achieve a capacity addition of 
1,10,000 MW (48,000 MW m 8th Plan and 62,000 MW m 9th 
Plan) alongwith the matching transmission and distribution 
facilities and including funds for advance action on schemes 
which will provide benefit beyond the 9th plan period. 
The installed generating capacity m the country on 
March 31, 1994 was 76,718.21 MW consisting of 54,347.30 MW 
thermal, 20,365.91 MW hydro and 2005 MW nuclear-'-. A capacity 
addition of 22,245.25 MW was envisaged in the seventh plan, 
against which the achievement was 21,401.64 MW - 3.8 per 
cent lower than the target. The peak time shortage was 17.9 
per cent at the end of seventh plan (1989-90) on an all 
•India basis with energy shortfall of 7.3 per cent. 
The peaking shortage is expected to touch an alarming 
average cf 25 per cent, with energy shortage of about 10 per 
cent m the next two years, as both Central and State 
sectors slipped m targets by about 10,000 MW during the 
current (Eighth) plan period. The Eighth Plan power 
programme was formulated keeping m view the long term power 
demand for the period of 1999-2000 Initially a capacity 
addition of 48,000 was proposed but keeping m view the 
resource constraint, a capacity addition of about 38,369 MW 
was proposed by the working group on power set up by the 
planning commission which was further pegged down to 30,538 
1 Hindustan Times, New Delhi, August 1, 1994 
MW. Out of this, about 5000 MW is proposed to be added in 
the private sector. The CEA however, feels that going by the 
progress so far only 19,108 MW capacity might be added 
during the current plan. 
Capacity addition programmes during the first three 
years of the plan have been far from satisfactory. Fresh 
capacity of 9348 MW have come up in both central and State 
sectors till September 1994 as against the target of 13715 
MW set for the first three years of the Eighth Plan. 
The total allocation for the power sector during the 
Eighth Plan is Rs. 79,589 crore, the central schemes 
accounting for Rs. 31,181 crore. The State sector spent Rs. 
15,000 crore on power projects during 1992-93 and 1993-94 
against an approved outlay of Rs. 17,500 crore. In the 
central sector the investment was Rs. 11,000 crore against 
the outlay of Rs. 14,000 crore during these two financial 
years. 
Not a single private sector power project has taken off 
as of now, though both central and State governments have 
initiated several measures to promote their developement 
during the last three years. The projects have got bogged 
down due to numerous clearance difficulties from 
governmental agencies, including the fuel supply agreement, 
coal and gas supply linkages and power purchase agreement . 
"2. Hindustan Times, New Delhi, December 29, 1994. 
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The capacity addition planned for the year 1994-95 is 
4,818.75 MW against which only 551 MW could be achieved upto 
May 1994. It therefore, appears that by any means the 1994-
95 target cannot be achieved and there is going to be a 
considerable shortfall this year too. 
The reasons for shortfall in capacity addition in the 
past years included delay in acquisition of land, paucity of 
funds and cash flow with SEBs, delays in supplies of key 
inputs like steel and cement, and delay in placement of 
orders for main equipment. 
Peaking Shortage 
The peaking shortage is already on the high side in 
both eastern and southern states, where it hovered between 
16 and 42 per cent during 1994-95. The average peaking 
shortage in the eastern and southern region was 28.9 and 
21.5 pel cent respectively. Peaking shortage was highest in 
Bihar at 41.5 per cent, followed by Orissa with 34.8 per 
cent, Andhra Pradesh 31.5 per cent and karnataka 24.4 per 
cent. 
Thus the power scenario that confronts the country 
today is one of increasing shortages due to scarcity of 
investible funds for the expansion of electricity supply 
base. Under these circumstances efficient management of 
power demand, bringing additional funds through bilateral, 
multilateral or private funding and efficient utilisation 
5 
of existing capacities of all the power generation systems 
are the only three options available for the overall 
management of power-supply demand balance. 
In India power is being generated mainly by following 
three systems. The current status of developemt of power 
generation through all these systems is being examined in 
the following paragraphs^: 
i) Hydroelectric Power System; 
In the several ways, hydel electric power is the best 
of all the conventional sources of energy. Hydro power 
station are more economical in the long run. They do not 
require movement of huge quantities of coal across the 
breadth of the country, putting a strain on the railway 
system. Nor do they entail additional investments in rolling 
stock as well as for development of coal mines. While the 
cost for a Thermal Plant may go up over a period of time a 
Hydel Plant is immune against inflation of raw material 
(water) costs. In our country the developemt of 
hydroelectric plants has not been taken up at the required 
pace. The share of hydroelectricity has declined over the 
years. The Hydroelectricity installed generating capacity in 
India was 559 MW in 1950-51 which went up to 6383 MW against 
the total installed capacity of 14709 MW in 1971. In 1991-92 
3. Rehman, H., "Administration and Development of Power 
Sector" Research Project, DSA, Department of Commerce, 
AMU, 1995 
r, 
it was 19194 MW against the total capacity of 69075 MW. The 
share of hydroelectricity in the total installed capacity 
declined from 50% in 1963 to 43% in 1971, while in 1991-92 
the share of hydroelectricity in total installed capacity 
came dovm further to 27% as against 64% of thermal. 
The overall responsibility of planning, promotion and 
organisation of an integrated development of hydroelectric 
power in India has been assigned to National Hydroelectric 
Power Corporation (NHPC) which was incorporated in 1975. At 
present NHPC is responsible for the operation and 
maintenance of Baira Siul, Loktak and Salal (stage-I) power 
stations located in H.P., Manipur and J & K respectively. 
NHPC is engaged in the construction of the following 
porjects at present . 
1. Chamera H.E. Project (stage I) (3 x 180 MW) H.P. 
2. Dalhasti H.E. Project (3 x 130 MW) J & K. 
3. Uri H.E. Project (4 x 120 MW) J & K. 
4. Tanakpur H.E. Project (3 x 40 MW) U.P. 
5. Salal H.E. Project (Stage II) (3 x 115 MW) J & K. 
6. Rangit H.E. Project (3 x 20 MW) Sikkim. 
7. Koel Karo H.E. Project (710 MW) Bihar. 
8. Dhauliganga H.E. Project (4 x 70 MW) stage I) U.P. 
New Schemes 
1. Chamera H.E. Project (stage II) (3 x 100 MW) U.P. 
4. Annual Report. 1992-93, Ministry of Power, Govt, of 
India, New Delhi. 
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2. Bagbhar H.E. Project (3 x 150 MW) J & K 
3. Teesta H.E. Project (Stage III) (6 x 200 MW) Sikkim. 
The hydro potential in the country is placed at about 
85,000 MWe at 60% load factor (1,25,000 MWe at 40% load 
factor). Most of the hydro potential is located in northern 
and north-eastern regions amounting to a total of 74% of the 
total potential in the country. About 24% of the total 
potential in the country will be developed with the 
completion of ongoing and approved schemes. Southern Region 
has 13% of the total potential out of which about 60% will 
be tapped with the completion of ongoing and approved 
schemes. Similarly Western region with 7% of the total 
potential would tap about 60%. Further exploitation, while 
necessary and should be pursued, is associated with 
difficulties arising out of displacement of population and 
submergence of land mass including forests. A potential of 
96,000 MWe of pumped storage hydro schemes has been 
identified in the country by the Central Electricity 
Authority. Detailed studies will need to be carried out to 
ascertain the viability of the schemes to meet the peak time 
power shortage . 
However, considering the distinct advantages of Hydro 
Electricity over the other conventional sources, a renewed 
emphasis on Hydel development is imperative. Most developed 
5. Nuclear India, Department of Atomic Energy, Vol.-27. 
countries have developed this resource almost to the hilt. 
(ii) THERMAL POWER; 
Thermal power stations use coal as the main fuel to 
generate electricity. To a little extent thermal power 
plants are also using gas and oil as fuel these days. But in 
future the use of gas for power will increase considerably. 
With the discovery of gas in the country, coupled with the 
laying down of the 1700 Kms. HBJ pipeline by the Gas 
Authority of India Limited (GAIL), the gas based power 
plants have become a reality. Accordingly, three gas-based 
plants at Anta, Kawas and Auriya, along the HBJ pipeline, 
have been commissioned with 413 MW, 652 MW and 106 MW 
capacity respectively. Another gas based unit has been 
commissioned at the Dadri Gas Plant with 262 MW capacity. 
Tnis new alternative source of power has been found so 
encouraging that the government envisaged the setting up of 
at least 6000 MW gas-based power plants in the Eighth Plan. 
The advantages are many. The most important being the cost 
and the short period in which these plants can be set up. 
Normally, it takes about 18 months to set up these plants 
against five years for a thermal and about ten years for 
hydel plants. The use of natural gas can bring about 
substantial saving in coal and petroleum products for 
generating energy. 
The National Thermal Power Corporation (NTPC) is 
responsible for the development of thermal power in the 
country. The corporation was set-up in 1975 with the task of 
setting up the Singrauli Super Thermal Power Station alone, 
Subsequently, it emerged as a trend setter for all power 
projects not only within NTPC but for the nation as a whole. 
Now Singrauli has achieved full installed capacity of 2000 
MW and has touched a peak load of 2045 MW in February, 1989. 
The Rihand Super Thermal Power Project located opposite 
the Singrauli STPS across the Govind Ballabh Pant Sagar is 
envisaged to be a 3000 MW station consisting of six units of 
500 MW capacity. The first stage of the project with two 
units of 500 MW each has been built with British assistance. 
These are feeding power to the Northern Grid. Besides its 
link to the Northern Region Grid, bulk of the power from 
this station will flow uninterruptedly to the capital 
through the High Voltage DC transmission system. 
By end March, 92 NTPC had commissioned 11,333 MW at its 
various stations as per the details given below: 
Project Capacity Commissioned 
Sincfrauli 2000 MW 
Korba 2100 MW 
Ramagundam 2100 MW 
Farakka Stage-I 600 MW 
Rihand Stage-I 1000 MW 
Vindhyachal Stage-I 1260 MW 
Anta 413 MW 
Auraiya 652 MW 
Kahalgaon 210 MW 
NCTPP Dadri 210 MW 
Kawas IQg ^ 
?T K\^^^ 262 MW 
Unchahar Stage-I 42o MW 
^°^^-^ 11,333 MW 
I!) 
During the year 1992-93, as per the target indicated in 
the Ministry of Power's Annual Action Plan and the MOU 
signed between NTPC and the MOP, NTPC has programmed to 
commission 1500 MW generating capacity. Till end February 
1993, NTPC had commissioned 1400.5 MW during the year 
Comprising 2 Gas Turbine Units of 131 MW each at Dadri, one 
unit of 210 MW at NCTPP, 3 Gas Turbine Units of 106 MW each 
and one steam Turbine of 110.5 MW at Kawas and one 500 MW 
unit at Farakka bringing the total installed capacity of 
NTPC to 12,733.5 MW. The work on other units programmed for 
commissioning during the year is progressing satisfactorily 
and it is expected that the target of commissioning of 1500 
MW during the year would be met . 
There has been a remarkable increase in the installed 
capacity of thermal power stations in the country. The total 
installed capacity of thermal stations on 31.3.92 stood at 
about 45,000 MW and thermal power generation was 197.16 BU. 
(iii) NUCLEAR POWER : 
Nuclear energy has an important role to play in the 
Indian energy scene. India is in a unique position of having 
achieved significant progress in harnessing this source of 
energy for electric power generation and other applications 
in medicine, agriculture and industry. 
World over nuclear energy is a proven and viable 
6. Annual Report 1992-93, Ministry of Power, Government of 
India, New-Delhi, p.29 
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technology for generation of electricity. Therefore, it has 
an important role to play for complementing the hydel and 
coal generation for a balanced power development. 
Nuclear technology has come a long way since its 
beginning more than 40 years ago and it has come of age. 
Nuclear Power has come to stay, considering the fact that 
there are at present 417 power reactors operating in 26 
countries, with a generating capacity of about 300,000 MWe. 
This is expected to increase to about 500,000 MWe by 2005. 
France gets 70 per cent of its power from nuclear reactors. 
Belgium gets 66 per cent of its Power through Nuclear means. 
The rising Asian industrial force, South Korea, get 53 per 
cent of its power through nuclear plants. It is said that 
the US has stopped its nuclear power programme. The truth is 
that the US gets 20 per cent of its electrical power from 
108 reactors and 14 more are under construction. It is 
something to be proud of that Indian scientists, after years 
of research concluded that 500 MW capacity power stations 
are the most appropriate and it turns out now that in the US 
all upcoming power plants will be of 500 MW to 600 MW 
capacities. The Candu pressurised heavy water reactor (PHWR) 
chosen by Indian scientists is, indeed, one of the most 
advanced and safe reactor designs available. 
Due to the limited conventional energy sources like 
coal, oil and hydro our First Prime Minister, Pt. Jawaharlal 
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Nehru and the First Chairman of the Atomic Energy-
Commission, Dr. Homi Bhabha emphasized the need to evolve 
the nuclear energy as a source of unlimited power. At the 
same time, there was realisation to be self sufficient in 
nuclear technology and in infrastructure required for the 
same. 
Department pjE Atomic Enercry : 
Indian nuclear power programme envisages a contribution 
of 10,000 MWe by the year 2000 i.e. 10% in a total 
electricity capacity of 1,00,000 MWe. The overall 
responsibility for all nuclear activities in India has been 
assigned to the Department of Atomic Energy which was 
established in the year 1954. India's first nuclear power 
station at Tarapur was commissioned in 1969 consisting of 
two boiling water reactors with 200 MW capacity each. A 
heavy water power station at kota, Rajasthan consisting of 
two reactors of the 220 MW each, capacity was the 2nd 
nuclear power station which was a collaborative venture with 
Canada. The third nuclear power station at Kalapakkam, near 
Madras, has been in operation since 1985. It consists of two 
reactors of 400 MW capacity. The work on the fourth Nuclear 
power station at Narora (U.P.) commenced in 1974. Its first 
unit of 235 MW capacity started functioning in March 1989. 
The Tarapur atomic power station comprising two boiling 
water reactor units with a capacity of 320 MW ( 2 x 160) has 
J J 
completed 20 years. The Rajasthan atomic power station faced 
serious problem after India exploded an atomic device in 
Pokharan in May 1974 since Canada withdrew co-operation. The 
two units of the station are now operating satisfactorily 
after Indian scientists and engineers got over the initial 
shock and managed to procure heavy water from the Soviet 
Union. 
The Madras atomic power station has two units of 235 MW 
each. This is the first indigenously built atomic power 
station in India, since Tarapur had US and Rajasthan had 
Canadian collaboration. 
The first unit of the Narora atomic power station of 
235 MW capacity achieved criticality on March 12, 1989. 
After the initial low power experiments, the unit was 
synchronished for the first time to the Northern Grid in 
July 1989. 
The Department of Atomic Energy (DAE) is continuing to 
make rapid strides, towards achieving the target of 10,000 
MW of nuclear power by the year 2000. By the year 2000, out 
of the total of 32 reactors that will be in operation in 
India, 26 will be based on India's own design and 
technology. The new projects which are to be commissioned 
shortly are Narora Atomic Power Project unit 2 in U.P., 
kakrapar Atomic Project-2 units of 235 MW each in Gujrat, 
and two more new units of 235 MW each at the Rajasthan 
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Atomic Power Station. Yet another project under construction 
is the kaiga project in karnatka which consists of two units 
of 235 MW each. 
The present installed capacity of nuclear power 
stations in operation is about 1735 MW which is expected to 
grow to 3110 MW by 1995-96, after completion of ongoing 
projects such as Kakrapar 1 & 2, RAPS 3 & 4 and Kaiga 1 & 2. 
Sites for four more 235 MW pressurised Heavy Water Reactors 
(PHWRs) (Kaiga) and for six 500 MW PHWRs (two at Tarapur and 
four at Rawatbhata) have been approved by the Government and 
actions towards environmental clearance, project financial 
sanctions and advance procurement of long delivery and 
critical equipment are in progress. The nuclear power 
profile of the Department of Atomic Energy (DAE) envisages 
addition of six more 500 MW PHWRs. In order to meet the 
growing electricity needs, discussions are in progress for 
setting up of 2 x 1000 MW Soviet VVERs in India at 
Kudankulam with the assistance of Russia in terms of the 
inter-governmental agreement signed between the two 
countries in 1988. 
A beginning has also been made with respect to the 
second stage reactors of the Indian programme with the 
commissioning of the 40 MW(t) fast breeder test reactor 
(FBTR) in 1985 and the progress achieved in the engineering 
of 500 MWe capacity prototype fast breeder reactor (PFBR) 
If) 
at the Indira Gandhi Centre for Atomic Research Kalpakkam"^ . 
Poornima-III at Trombay, Bombay and the Kammi reactor 
under construction at Indira Gandhi Centre for Atomic 
Research (IGCAR) are modest but important beginnings towards 
the third stage programme 
It can be seen that the nuclear Power Generation m the 
country at present and m the immediate future will be very 
low compared to the country like France where 48 53% of the 
energy generation is based on nuclear power^ Hence the 
country would have to depend largely on thermal and 
hydroelectric power 
Transmission System 
At the time of independence there were small and 
isolated power stations feeding local loads around urban 
areas owned by private and m few cases of public utilities. 
In 1948, the Electricity Supply Act was enacted, which 
envisaged setting up of Electricity Boards m States. This 
single step together with the era of Five Year Plans 
contributed a lot m the growth rate of power industry m 
the country since independence. There has been phenommal 
expansion of transmission and distribution network from 
10,000 circuit Km m 1950 to about 190,000 circuit Km 
7 S.L. Kati, Nuclear Power - Scope and Limitations, 
Financial Expres^ August 18, 1990. 
8. Rehman, H , Administration and Development of Power 
Sector, Research Project, DSA, Deptt. of Commerce, AMU, 
1995. 
9 Koul, K.L., Power Scenario m the World, P 12 
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including 17,000 Km of 400 KV lines-^ .^ In 1963, the country 
was demarked into five regions namely. Northern, Western, 
Eastern, Southern and North-Eastern (Figure A) for the 
purpose of power system, planning and operation. In 1976, 
the Electricity Supply Act 1948 was amended creating 
National Hydroelectric and Thermal Power Corporations at the 
Centre for undertaking the construction of large sized 
hydroelectric and Thermal Power Projects respectively. The 
setting up of super thermal power stations at pit heads 
necessitated the induction of 400 KV transmission lines, 
transmitting power over long distances to the load centres. 
This in turn has created problem of Reactive Power 
Management. At present 500 ^W power cannot be transmitted 
from Singrauli (STPS) towards Delhi/BBMB System due to poor 
pov"=-^  lact'^ '*' in the system. The problem could be solved by 
installation of capacitors at the load centres. The Central 
Electricity Authority has estimated that there is a back log 
of 3000 MVAR capacitors in the country at the end of 1990-
91. Considering the additional requirement of 4000 MVAR 
during 1990-91 the total requirement of HT capacitors to be 
installed in the country is over 7000 MVAR. It has also been 
estimated that a financial out-lay of Rs. 30 crores for 
installation of capacitors would enable transmission of 
additional 500 MW of power from Singrauli towards Delhi/BBMB 
systems thereby giving benefit of over Rs. 750 crores 
10. Koul, K.L., Power Scenario in the World, p.12. 
11. Ibid. 
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NATIONAL POWER GRID 
The Union Cabinet in 1980 approved in principle the 
establishment of a Centrally owned and operated National 
Power Grid. The National Power Grid would eventually 
comprise strong regional networks with suitable asynchronous 
(HVDC) links between the regions. Already 18315 Ckt. kms. of 
400 KV lines and 5408 Ckt. kms. of lines at 220 KV level 
have been constructed in the Central Sector, upto December 
1992. An inter-regional link (Vindhyachal 2 x 250 MW HVDC 
back-to-back) connecting Western and Northern Regions is 
also in operation. These as well as other AC links between 
regions form the important components of the evolving 
National Power Grid today. 
In October, 1989 Government of India established the 
Power Grid Corporation of India Limited (erstwhile National 
Power Transmission Corporation) to further accelerate the 
development of the National Power Grid. The POWER GRID have 
already taken over most of the existing Central Sector 
transmission systems. Power Grid also proposes to take up 
schemes for further strengthening of the Regional Power 
Grids and establish HVDC back-to-back inter-Regional links. 
As outlined earlier, at Chandrapur, a 2x 500 MW HVDC back-
to-back station superimposed on the existing Chandrapur -
RamagundEim 400 KV D/C line between Western and Southern 
Regions has been approved by PIB. Inter-Regional link 
I i 
between Eastern and Southern Regions covering Jeypore-
Gazuwaka 400 D/C line and a 2x250 MW HVDC back-to-back 
station at Jeypore has also been techno-economically cleared 
by CEA. A proposal to provide HVDC link between Northern and 
Eastern Regions has also been appraised by CEA in March, 92 
and found to be techno-economically in order. It is also 
planned to provide asynchronous inter-regional link between 
Western-Eastern and Eastern-North Eastern Regions"^^. 
Although the Regional Grids have already been inter-
connected, paving way for forroation of a National Grid, 
further strengthening of inter-regional ties would be 
needed to enable increased power exchanges and achieve 
improved economy and reliability. This is a continuous 
process and projects are being taken up during each plan 
peri:,i dep^ -iding upon the requirements of inter-regional 
power exchanges and the funds availability. 
The Power Grid Corporation of India is now entrusted 
with the task of executing the transmission projects 
associated with the generation projects of NTPC, NHPC, 
NEEPCO Sc NPC. A HVDC back-to-back link between Vindhyachal 
and Singrauli Super Thermal Power Stations and another ^ 500 
KV HVDC bipole line from Rihand to Dadri are already in 
operation. The scheme for providing a 1000 MW HVDC back-to-
back link between chandrapur (in Western Region) and 
12. Annual Report, Ministry of Power, Govt, of India, 
1992-93, p.15. 
Ramagundam (in Southern Region) has been accorded approval 
by the PIB and tender evaluation is under process. In 
addition, schemes for providing 500 MW HVDC back-to-back 
ties interconnecting Jeypore (in Eastern Region) with 
Gazuwaka (in Southern Region) and Mau (in Northern Region) 
with Biharshariff (in Eastern Region) are under process for 
investment approval. These projects will be taken up for 
execution by Power Grid Corporation of India"'--^ . 
Inspite of various measures taken to plan, execute and 
operate the power systems in an efficient manner, the actual 
experience has not been satisfactory. The creation of many 
central corporations each optimising its transmission system 
basically catering to it's own project, led to sub-optimal 
solutions on regional basis. The basic objective of planning 
transmission system on regional considerations was to evolve 
an expansion plan, making the optimum use of existing and 
committed transmission facilities and determining an optimal 
overlay to deliver power from central generating stations to 
the beneficiary States and thereon to the load centres. But 
this could not be achieved and there have been large 
unscheduled power flows from one beneficiary to another 
within the region leading to dispute and conflicts. 
The major difficulties presently being encountered are: 
Inadequacies in the existing transmission systems; 
13. Annual Report op. cit. p.13. 
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Difficulties in timely completion of planned transmission 
facilities; Inadequacies in metering, communication and 
control facilities of the transmission system as a whole; 
Lack of grid discipline within constituents: lack of 
imaginative and scientific power tariff-^  . 
The accelerated demand for generation and supply of 
electric power, as prime source of energy, is not only 
indicative of steady progress in the life style of the 
people, also it is a barometer of nation's progress, which 
is entering the 21st century with a determination of 
reaching the new heights in the race of progress. 
Whether it is hamlet deep down in kerala or in Kashmir, 
there is an invisible thread of electric power welding them 
together. Jammu and Kashmir, though situated at the far end 
of the country's north-western border, is also an essential 
link in the power chain which binds the country together. 
14. Narayan, R.K., "Transmission systems in India". The 
Economic Times, New Delhi, December 14, 1991. 

CHAPTER ^ II 
POWER SCENARIO IN JAMMU AND KASHMIR 
The State of Jammu and Kashmir is located in the 
extreme north of the country and is bounded on the north by 
China and on the South by Himachal Pradesh, Punjab and 
Pakistan. The State has an area of 2,22,236 Sq. Kms. with a 
population of 7.72 millions as per 1991 projected census. 
The State of Jammu and Kashmir is traversed by three 
main rivers i.e. Indus, Jhelum and Chenab. The Indus 
traverses through Ladakh, while the Jhelum flows through 
Kashmir and the Chenab drains Jammu. The average rainfall is 
about 100 cms. There are huge glacieres in the State and 
existence of high mountains with glacieres and rainfall 
makes it a heaven for hydel generation. As per preliminary 
survey an estimated potential of over 5000 MWs of power has 
already been identified while actual potential is much more. 
Adequate Power Supply is necessary for raising the standard 
of living of people of Jammu and Kashmir, accelerating the 
industrial growth as well as improving the quality of life. 
In case proper investments are made in the power 
sector, power can form an important resource of export and 
earning adequate finance for the State of J & K. No 
industrial development is possible unless there is adequate 
availability of power. The important industries in the State 
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are cement, mini steel plants, detergent, tourism, 
handicrafts including carpet weaving and small industrial 
sector. There are numoer of industrial estates which 
contribute to the well-being of the people especially in 
Jamrau region. Industrial estates have been established 
practically in all the districts of Jammu and Kashmir. Some 
of the industries especially in Kashmir suffer from chronic 
shortage of power and whenever it is made available to them 
it is deficient in voltage. 
The power system in the State of Jammu and Kashmir is 
linked to the Northern Zone by way of two circuits of 132 KV 
from Kashmir to Udhampur in Jammu. The power network in 
Jammu is connected to the Northern Zone through two separate 
lines of 220 KV each at Sarna in Punjab. The 400 KV station 
is coming up at Kishenpur near Udhampur which will be 
connected via Chamera to 400 KV Grid station and Moya Grid 
Station. 
INSTALLED CAPACITY 
The total power generating capacity in the State of 
Jammu and Kashmir was 296.49 MW on 31st March, 1992. The 
details regarding the generating capacity and the Source of 
electric power in operational projects in the State are 
presented in table 1. 
It will be observed that out of a total generating 
capacity of 296.49 MW, 184.44 MW (62.12 percent) was Hydro, 
TABLE - 1 
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Installed Generating Capacity in Jeunmu and Kashmir as on 
31.03.1992 
District 
1) Srinagar 
Name of the Station Installed Capacity 
(MWs) 
2) Baramulla 
5) Leh 
6) Kargil 
7) Jammu 
8) Undhampur 
9) Rajouri 
10) Doda 
11) Poonch 
(i) Ganderbal (Hydro) 
(ii) Upper Sindh (do) 
;iii) Upper Sindh (Diesel; 
(iv) Bemina 
Total 
(i) Mohra (Hydro) 
(ii) Lower Jhelum (do) 
Total 
(i) 
:ii) 
(i: 
(i) 
;ii) 
(i; 
:ii; 
;i) 
15.00 
22.60 
1.70 
5.00 
44.30 
9.00 
105.00 
114.00 
3) Pulwama 
4) Kupwara 
(i) Pampore (Gasturbine) 
(ii) Karnah (Hydro) 
(iii) Karnah (Diesel) 
75.00 
2.00 
0.02 
Total 2.02 
Leh Hydro) 4.04 
Leh Diesel 3.74 
Total 7.78 
Kargil (Diesel) 3.09 
Canal Power House 1.0 0 
Chenani (Hydro) 25.00 
Chenani small (Hydro) 0.60 
Total 25.60 
Kalakote (Thermal) 22.50 
Kalakote small (Hydro) 0.58 
Total 23.08 
Bhiaderwah small (Hydro) 0.56 
Poonch small (Hydro) 0.06 
State 
Source: 1 
2 
Total 296.49 
Chief Engineer, Generation and Transmission 
Wing, Bemina, Srinagar. 
Chief Engineer, Electric Maintenance Depart-
ment, Jammu. 
3. Development Comr. Power. 
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75 MW (25.30) Gas and 22.50 MW (7.59) thermal, and 14.5 MW 
(4.89) Diesel. The biggest Power Project in operation in the 
State is Lower Jhelum Hydel Project with an installed 
capacity of 105 MW (3 x 35), however, the effective capacity 
of the project at peak load hours fall to only 90 MW and 55 
MW during Summer and Winter. The Upper Sindh Hydel Project 
(Stage-I) with an installed generating capacity of 22.5 MW 
(2 X 11) was commissioned in 1973. The effective capacity of 
the Project at peak load hours is 18 MW during Summer and 
only 12 MW during winter. The Chenani Power House in Jammu 
has an installed generating capacity of 25 MW ( 5 x 5 ) . The 
effective capacity at peak load hours is 20 MW during Summer 
and only 15 MW during winter. The Mohra Power House is one 
of the earliest Power generating Projects in the country. 
The pro-iert was started in 1904 and commissioned in 1907-08 
with an installed capacity of 9 MW. The machinery of the 
project, which had become obsolete and out-dated was 
replaced and the Power House renovated and modernised in 
1962. However, the modernisation of the project could not 
make it operational. The Ganderbal Hydel Project, 
commissioned in 1956, has an installed capacity of 15 MW but 
the effective capacity is only 9 MW. The Stakna Power 
Project in the Ladakh region commissioned in 1987-88, has an 
installed capacity of 4 MW. The installed generating 
capacity of the Kalakote Thermal Power House is 22.5 MW. 
^\^ 
However, at present the project is not in operation because 
of heavy cost of power generation. The Bemina Diesel 
Station, which has a generating capacity of 5 MW has also 
not contributed anything to the power supply during the past 
few years due to absence of allocation of funds for running 
this station. The Gas turbine which is located in Pampore 
has an installed capacity of 75 MW. The Plant is run only in 
winter and it can not be used for more than 1200 hours in a 
year. It is therefore, obvious that the actual generating 
capacity of Power Stations in Jammu and Kashmir is only 260 
MW approximately whereas the effective capacity of hydro 
Power Stations at peak load hours is 150 MW and 100 MW in 
Summer and Winter respectively. 
The Power development in Jammu and Kashmir presents a 
dismax picture when compared with the situation in other 
States of India. Table 2 provides information on the total 
generating capacity and the sources of power generation in 
different States and union territories of India. It can be 
seen that the installed generating capacity of Jammu and 
Kashmir is the lowest among the major States of India. It 
amounts to 1.34 per cent of the generating capacity of the 
northern region and less than 0.4 per cent of the total 
capacity of the country. The State has lagged behind in the 
growth of generating capacity even though power generation 
in the State began during the first decade of this century. 
21 
<«^  
o 0 
3 , 
t * 1 
Ok ] 
• j 
• ^ ' 1 
o: 
< o 
. c 
.' <^  
: j -
1 1! 
T 
' 3 
. 3J 
T) 
j ; 0 
H* 
i o 
1 
j 
33 
. W 
-^ 
W 
• 
Ui 
vO 
^ 
>0 
_ l k 
nj 
1 
Ui 
o 
» 
• 
<i 
v j 
c> 
, 0^ 
• j 
O 1 
• O 1 
-> 1 
^ 1 
O ( 
O ( 
O 1 
-^ 1 
l> 1 
o 1 
•JJ 1 
• 1 
o 
<> 1 
1 o - H T : T : i> 
/ fD i Oi ,T) Oi 3 
1 3 r- 9 -! ^ a 
i f* J" '-' i - 3" 
1 "^  r* " *-• i -^  
J i i 0; <-* JU 
1 >- a . Z on 
i -B O' -^ -D 
{ -J) -D a. I T 
1 1) - n C j i i 
1 n ~ a 
( <-* .u 
1 o in 
1 "" 3" 
- . _ 'X! ru 
1 <! ^ CO ^ 
1 ' 1 j i v j -> UI 
1 -^ O O _ 
1 • . • . 
1 >o ui ru ^ 
-" O O 4:> 
j j ; _ t> o 1 
! -> , 00 1 W _ ! 
1 o o o ro i ! • « • « 1 
i O O O UJ ! 
; O O D o t 
1 ' UI W i ' 1 ! 
' • ' 1 
I O ^ 1 
ija -C 
' J 1 J ' ) 
4 i 
^ 1 1 ) 1 I 
O 
« o 
o 
i . j i _ . r o . t J 
o o .p o - • 
- » CO v j ^ , ^ 1 
o 'ji :D o o 0 ' 
O O 00 tfl "^O 4i 
O 03 -ti O O J i 
1 -C 
iD 
' 1/1 
' r* 
1 -D 
i ^ 
1 3 
! 33 
! iU 
1 l a 
1 *-!• 
1 O 
' 3 
w 
J ! 
>0 
Ul 
1 
CO 
-^ 
o 
u 
NO 
>0 
t 
o 
o 
• ( & 
• 
•0 
CO 
Nl 
Ui 
o 
I 
O ' 
o 
m 
o 
• 
o o 
w 
o 
N) 
CD 
• 
-»» < 
' o en 3 2 
,D C SJ Oi 
3 >- 3 - -
^ -" 0/ ^ 
T 1 T ^ 
a --* i ^ 
• - u l 
3- f 
cn r» " 
; iu T i 
' n 2) 3-
c^ ~ 
O 
-\ ^ 
_ i 
-e> Ul i> 
, ro -v, o 
vT O O 
• • « 
o re o 
o re >c 
r j CO i> ro 
CO 3; 4i •> 
>C ^ i> -0 
o -c r« "^  
• • . " 
o o o -" 
o o o o 
^ 
, • , ' 
>0 
CO 
> 
CP Nl 
i Ni ro 1 
• • 
9,^ 
O o 
• ( i 
ru ' , 1 , 
o 
f 
o 
o 
1 
CO -t* CB CO 
CD CO nj "y 1 
_» 0^ O ^ 1 
O '^' CD ^ 1 
• • • • J 
o o ro 'J" 1 O '•-^  i-'i ^ 1 
. z 
o 
-^  
<r* 
•^ O 
•% 3 
23 
(D 
UD 
M 
o 
3 
0-
'Xi 
'^^ 
3 
-^ 1 n 
_ L 
... 
' !* 
^ CO 
" 
- k 
o 
ry 
- ' -s 
a 
to 
' 
1 
-0 • 
O 1 
Ni i 
• 1 
O i 
O 1 
0- 1 
>0 
Ul , 
1 
o 
o , 
—* 
•J3 i 
no 1 
fy 1 
• 1 
> 1 
" I 
' O a 
D -D 
3 —. 
. ^ 3 -
-^ M 
, j i ' 
^ H -
I 
1 CO 
m 
_ n 
, r* 
, O 
1 
Ul 
w 
• 
o 
1 ^ 
.& 
- - CO 
pj s , 
CO _i 
> • 
o a>-
O o 
Ci C 
3 - c* 
i r* 
^ i C^ ^ 
— 
1^ -a 
1 -! 
•^  i 
::• a . 
^ 
J-
3" 
_» 
, +> 
' CO 
^3 
t 
Ul 
Ul 
-fi 
^ -0 ^ I Z 
l i C SU M H 
• ^ 3 3 3 -
1 U 3 J; VC 
-" 1 c n I* 
•-* CT :7- 3 
3" P» 5) 1 
1 H-
- X 
Oi 13 
Wi - , 
3- 0/ 
w a 
"^ I t 
in 
3" 
- i . 
>o Ni -^ ry CD 
£• Ch W Si 03 
> oj ^3 ry ~ 
1 > • " 
J3 _ i v l Q O 
>0 ^ 0- Nj O 
_» 
o "^ ry cfl 
D5 •> CD ro vc 
35 J* O W 1 "^ 
I • 
. • • 
Ul O o U» 
o o o o o 
ry > 
1 < 
. 
' O -
O O 
•vJ _ 
- * CB 
fy o ' 
• s 
S o 
O O 
0-
^ 
-" 1 ' 
o 
o 
0^ 
O UI 
CO UI 
," _* 'y 
O 0- O 
o o o 
i 1 
i 1 
U l - i 
UI -^ 
ro ry 
-si - * 
ro -0 
^ CO 
( > _ CO 
( • • • 
s j j i >C 
c^  o ry 
v j 
Ul 
1 • 1 1 i 
o 
o 
1 
I I I ' , 
CO - * 1 
o ro ro si ! 
.^ OS SI CD 1 
03 s j to o 1 
_ i o y i CO 1 
^ N M ro 1 
^"^ 
- 4 . 
>-^ 
, 
r 
1 
i 
1 
1 
1 
f 
1 
1 
y ^ 
ro 
^ 
>^  
U3 
*«' 
o-^ 
J* 
Ul 1 
(> f 
•^ 1 
I 
1 
1 1 
f ' 
1 ^ 1 
, nj 
1 ua 1 
i *^- • 
1 O i 
1 3 ( 
i \ ! 
1 C0 ( 
1 •^ 1 
1 1' i 
i ^ 1 
1 m ( 
1 1 
1 1 
} I 
1 X 1 
( *< 1 j CL 1 
1 "^  i 
1 o i 
1 ! 
1 I 
i cn i 
^ I 
i\> j 
3) 1 
3 j 
O 1 
M 1 
•D 1 
U) 1 
m 1 
Immt j 
5* i 
s: 1 
3 1 
(^ 1 
D 1 
ti> 1 
Ul 1 
Z 1 
C 1 
n 1 
(-• I 
ro 1 
0) 1 
"^  1 
H t 
O 1 
^ 1 
3^  1 
i—I j 
P 
H 
z CO 
H 
I> 
r 
r 
m 
a 
o 
m 
z 
m 
H 
z 
a 
Iw 
p Iz 
CO 
CO 
- t 
rt 
^ 
"0 
n 
H 
H 
• < 
i 
33 
n T 
^ 
^ 
C 
H 
H 
r 
H 
m 
to 
*»^  H 
z 
3 
o 
z 
r • < 
£ 
^^  
i 
1 
t 
1 
i 
1 
cn 
-1 
m 
c H 
[0 
s 
V 
: i 
• ^ 
s 
c 
H 
:& 
» 
r 
m 1 
ro 
0) 
0 
r— 
T 
n 
-D 
• > 
:o ci 
> o 
< 
•D 
T 
^ 
i •i 
3 
r* 
0 
-^ > 
M 
3 
a. 
M -
<i> 
•• 
o 
m 
2> 
1 
i> 
t - j 
H - J 
1-1 
3 
5. H 
OJ 
cn 
r^ 
U 
r» 
.^  
01 
r» 
H 
1 
l / l 
"* 
Q 
-0 
^ 
"TJ 
- t 
0) 
t—' 
:o 
•n 
< 
w 
D 
€ 
_ t 
>0 
>0 
o 
1 <l 
• A 
TJ 
-n 
•" 
W 
1 
z. 
o 
r> 
Tl 
• 11 
-n !"i 
i :i 
- , j i 
r+ <•• 
d ai 
,T) t--
T • -
"3 
J-. £1 
-7* 
r» n 
J! "I? 
•IJ 
i '1 
Jl I-
f* 
T1 ' < 
IB 
-b 
r* 
T - — 
T) O 
r J t -
-! 2 
f * 
3- ^ i 
.13 
0 O i 
T € i 
-D 3 i 
f * ' ^ , 
M C^ i 
•n I 
i ^ 1 
^ "^  J 
o • 
w "- i 
T- <? 1 
1 "i ! 
T f * i 
rD w» 1 
in i 
i 1 
< 1 
(0 1 
cr 1 
1) 1 
rs 1 
3 1 
in 
^ 
o 
€ 
3 
a 
H 
< 
a 
• ^ , 
a 
D-
.13 
r» 
€ 
fO 
3 , 
1 - i 
1 o 
f '^ 
1 » 
1 "^ 
1 
I ' ^ 
1 ^ 
1 W-l 
1 • -
1 
i "-• 
1 3 
. a 
1 ^ 
1 3) 
i ^ 
1 
1 
i 
1 
{ 
'^ 
1 r 
>^  
• 
J] 
X 
^ 
w 
* 
o 
^^ 
« 
4 i 
CD 
-> 
» 1 
O i 
1 1 
O 1 
00 1 
W 1 
-^ i 
Nl 
^ i 
• 
o , 
o . 
- * 1 
t> 1 
Ui 1 
a j 
O 1 
O 1 
l> 1 
O 1 
o t 
• ^ 1 
-> 1 
-0 ; 
-& 1 
1 H 
1 ° 1 * - * 
1 1 
i *^  
1 Z 
1 ° [ -^ 
i c* 
T -
i ^ 
1 S* 
I ^ 
{ r* 
i 13 
[ -^ 
i 33 
i ' <" 
1 .-
1 2 
1 w 
1 -& 
1 W 
1 tJ 
• 
-t» 
!> 
w 
L-n 
s! 
I 
O 
o 
vl 
^ 
I 
^! 
r 
' 
1 
• 
j 
-!• 
<! 
C 
• 
O 
o • 
• 
1 
- * i 
o 
4 i 
<i ' 
« 
•NI , 
1 
1 O 3 !> H Z 3 
1 <B M 
/ 3 ^, 
1 f^ 3 
i "" -> 
1 1 i 
1 i - 9 
1 
• CD 
1 to 
1 n 
1 <-• 
1 O 
1 "^  
1 
1 
1 
1 
1 
1 
i 
1 
1 
1 
i 
1 
1 ro 
1 -Ji 
cn -0 
i • • 
! O CO 
- ' \ i 
J 
.^ 
1 -^ 
I 
CJ 
Jl 
1 , 
1 1 
3^ 
•^ T 0) T) 
- j ^ !£> u3 
3 -n 1 ^^ 
0) - • - ' ill 
" T a» 1 -
3- li 3 1( 
Ol a . v<; 
- 1, 
-D 
T 
Oi 
a 
.ti 
j i 
T -
_ j . 
r -^  ro 
> ?• ^ o 
• . > 1 
\ ! O tJ* Vl 
> ^ o _ 
1 
UI 
1 
o 
o 
Z D 
0! .-
- ,-
" Zi 
-n q 
I — ~ 
T 
^3 -0 
• I 
0^  O 
-^  o 
, -'-
-^^  
. 
^ 
o 
\ i 
y> > CO r-0 <! o 
' « • 1 • 
•0 _ ?• o -5=» i> 
-C ^ ,"X3 UI -
CO 
1 ry 1 . 
1 
U] 
o 
1 1 ! 1 
_, 
'ji ru rv) 01 u -
1J1 j i 
O N4 
- ru 
•* >o 
_» 
> 
"C 
a 
If-
O 
i 
' 
1 
' 
UI 1 
' CO i 
.^ ^ O Ui W -si 1 
X) i > _ >g O _* 1 
/ .J 'V 3^ -' >0 1 
'• m 
' 1 
j i 
c-» 
-D 
T 
' 3 
3 
.T) 
.iD 
1 H 
c 
3 
. 
i 
J1 
O 
• 
g re 1 
Ni 1 
_!. 1 
CP I 
<i 1 
. ' 
35 i 
OS • 
' 
i > 
ry 
* 
-p» 
_ 1 
_» 
•0 
o 
b o 
1 
CP 
>0 
i> 
u 
iO 1 
- . 1 
1 
1 
^ ^ w 
' 2 ^ 
^ 
c* "^ 
T »-
i = 
J—" 
w 
.TJ 
r 
^ 
! r j 
T 
! 5 > 
v* 
0 
!> 
CO .' 
O 
« 
o 
o 
1 w 
a 
•vi 
o 
, 1 
1 1 
o CO W 
o -
o w 
o -^ 
~ I ) " £ O IB 
• (B "^  M-
" ?J <C tf -^ T-
• <r* *^ i) 
2 n n^ T 
• dJ 3; 
M .D 
m 3 
— u3 
;;/ Oi 
3 H-
»^  
*1 
^ 
- ^ ^ * ^ A 
•t» 4 i * UI 
, -t> > -» O 
• I • « 
O >0 >0 o 
o _ \ o 
-^  ru -
Ni 33 •> CO 
>C >0 'v >^ 
•^ 33 o ::o 
• • • « 
UI 33 O UI 
O 33 O O 
rc ro i 
N. ' 3- ' JI 
1 1 a j 
O O vO ] 
>0 sO CO 
_ t 1 
sO O 1 
i O O ' i 1 
• • 1 
O O 1 
O O 1 
t ' 1 1 1 I 
W CO - i - ' 
O O O UI 1 
ri] o j v j - » ^ . 
>vl — _ . - . . O ' 
(J. Ui * ^ ^ 
^ O 33 M u) 
1 ""^  
i ^k 
' ^^ 
^ ^ 1 
n j 1 
*^' 
-^ ! 
to i 
'W 1 
•'^  1 
•p> 1 
' • • « ' 1 
^ i 
UI ' 
N** 
• ' ^ I 
"^ 1 
Nl 1 
-^ ^ 1 
1 H 
' ^ 
' 00 
' r 1 m 
1 1 
1 ru 
1 • 
• 
a 
n 
1 0 
3 
r* 
« 
a 
29 
POWER AVAILJIBILITY 
The generation and availability of electric power in 
the State from 1960-61 to 1991-92 is shown in table 3. The 
total installed capacity has increased from 12 MW in _960-61 
to 83 MW in 1973-74 and 296 MW in 1991-92. The generation of 
electricity has also increased from 407.27 (Lakh KWh) to 
8822.37 (Lakh KWh) during the period from 1960-61 to 1991-
92. The per-capita power availability increased from 15.75 
KWh in 1960-61 to 400 KWh in 1991-92. In order to meet the 
ever growing requirements of the State , power imports from 
other States have increased manifold from 15.3 million KWh 
in 1960-61 to 65 million KWh in 1973-74 and 20369.37 million 
KWh in 1991-92. It is thus obvious that the State has relied 
more on power imports rather on the growth of its own 
generating capacity. 
CONSUMPTION PATTERN: 
The annual per capita consumption of electricity in the 
State of Jammu and Kashmir was 172 KWh in 1992. This was 
lower than the per-capita consumption of about 200 KWh in 
the northern region and the country as a whole. The States 
with higliest per-capita consumption of electricity in the 
northern region are Punjab (551 KWh) and Haryana (310 KWh). 
The Delhi and Chandigarh which draw power from central 
sector, have 545 KWh, and 583 KWh per-capita consumption of 
electricity respectively. The consumption of electricity per 
Jij 
TABLE-3 
POWER AVAILABILITY IN JAMMU AND KASHMIR 
Year Installed 
Capacity 
(MW) 
(1) 
1960-61 
1965-66 
1968-69 
1973-74 
1977-78 
1980-81 
1981-82 
1982-83 
1983-84 
1984-85 
1985-86 
1986-87 
1987-88 
1988-89 
1989-90 
1990-91 
1991-92 
(2) 
12 
2 8 
40 
83 
140 
209 
209 
209 
208 
208 
2 08 
209 
211 
268 
268 
296. 
296. 
49 
49 
Generated Purchased 
(Lakh (Lakh 
KWh) KWh) 
(3) 
407.27 
975.84 
1365.94 
2355.91 
3412.40 
7737.70 
7875.00 
9338.99 
8957.54 
8630.90 
8831.52 
10660.03 
10332.86 
8941.20 
9827.36 
9116.72 
8822.37 
(4) 
153.32 
390.78 
614.80 
650.00 
2214.70 
2883.40 
2918.30 
2999.34 
4207.17 
4828.90 
5876.59 
7262.67 
10205.10 
12080.11 
16695.71 
18559.31 
20369.37 
Total ava-
ilability 
(Lakh Kwh) 
(5) 
660.59 
1366.62 
1980.74 
3005.91 
5627.10 
10621.10 
10793.30 
12338.23 
13164.71 
13459.80 
14708.11 
17922.70 
20537.96 
21021.31 
26523.07 
27676.03 
29191.74 
Per Capita 
availability 
(Lakh KWh) 
(6) 
15.75 
33.71 
45.19 
60.27 
101.77 
177.77 
176.05 
196.12 
203.13 
203.16 
216.34 
257.00 
287.00 
286.11 
351.76 
400.00 
400.00 
Source : Govt, of Jammu and Kashmir, Economic Diges t of 
Jammu and Kashmir, 1991-92 . D i r e c t o r a t e of 
Economics and S t a t i s t i c s , Planning and Development 
Department, S r inagar . 
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1000 population as well as per square kilometer is highest 
in Delhi,Punjab, Chandigarh and Haryana in the northern 
region. The State of Jammu and Kashmir has one of the lowest 
quantities of power consumption per 1000 population and per 
square kilometer . 
The pattern of electricity consumption in the State, is 
dominated by non-productive uses like domestic lighting and 
cooking, army. Government offices and public utilities. Thus 
in 1989-90 as revealed in Table 4, 258 million units or 22 
per cent of the electricity was used for domestic cooking 
and lighting, 121 million units or 10 per cent was sold to 
central and State Government Offices. Army accounted for 140 
million units or 12 per cent of the total consumption of 
electricity in the State. The productivity sector of the 
economy - industry, agriculture and commercial activities, 
together accounted for 35 per cent of the total electricity 
consumed in the State. This is quite contrast to the 
consumption pattern of electricity in India as a whole. In 
1990, the productive sectors together accounted for three-
fourth of the total consumption of electricity, whereas 
domestic lighting and cooking, public utilities and other 
un-productive uses consumed only one-fourth of the total in 
the country . 
1. Govt, of India, Public electricity supply, All India 
Statistics General Review 1990-91, Central Electricity 
Authority, New Delhi. 
2. The pattern of electricity consumption in the northern 
region almost commensurate with the consumption pattern 
of the country as a whole Sec. CEA. All India 
Statistics, General Review 1989-90, pp. 166-171. 
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TABLE-4 
Pattern of Consixmption of Electricity in J fc K 
1989 - 90 
S.No. Purpose Quantity Percentage 
(Million Units) of total 
22 
25 
12 
10 
9 
7 
4 
2 
9 
Total 1162 100 
Source: Government of Jammu and Kashmir, Economic Review of 
Jammu and Kashmir 1990-91, p. 28. 
1. 
2 . 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
Domestic 
Industrial 
Army 
P . H. E . 
Govt. Offices 
Agriculture/Irrigation 
Commercial 
Municipality 
Others 
258 
292 
140 
121 
100 
79 
41 
22 
109 
3,1 
HYDRO POTENTIAL: 
The State of Jammu and Kashmir is quite fortunate in 
having very large potential for hydro-electric power. Hydro-
electric power plants have distinct advantages over other 
types of power generating plants. These advantages are . 
1. Hydro power projects use natural resources which are 
renewable and indegenously available; 
2. Have a relatively longer life and low depreciation. 
3. Unforeseen breakdowns in hydro-projects are less 
frequent and plant shut downs for maintenance are of 
very short duration; 
4. Operation and maintenance costs are low and plants can 
be designed for automatic and supervisory control from 
remote locations; and 
5. Hydro-projects are cleaner and basically non-
oolluting . Besides this, hydro-electric plants are 
favoured for good peaking capability and greater 
effiC3-ency . 
The hydro power potential in the State of Jammu and 
Kashmir is placed at about 10,000 MW of which 5000 is 
identified in the four main basins of Chenab, Jhelum, Indus 
and Ravi. The basin-wise break up as follows: 
3. Government of India, "A Report on National Power Plan, 
Generation, Programme" 1981-82 to 1994-95, Vol. I, 
CEA, Ministry of Energy, New Delhi. 
4. Guna, S.K. Environmental Impacts of Hydropower 
Generation under special reference to Koya Hydro 
electric project, Maharashtra Energy environmental 
monitor vol. 6, No. 2, Sept. 1990. 
5. Govt, of India, Journal of Central Board of Irrigation 
and Power, New Delhi, Vol. 39, No. 4, Oct.1982,p.iii. 
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River Chenab 
a) Main 2565 MW 
b) Tributaries 979 MW 
River Jhelum 
a) Main 585 MW 
b) Tributaries 801 MW 
Indus River 
a) Main 21 MW 
b) Tributaries 25 MW 
River Ravi 50 MW 
Total : 5026 MW 
The actual hydro electric potential of the State is 
larger than the reported potential because the Indus water 
Treaty Signed by India and Pakistan in 1960 sacrificed 
states rights on its rivers namely Indus, Jhelum and Chenab 
while exclusive use of water was possible for the eastern 
rivers of Ravi, Beas, and Sutlej . The estimated hydro 
potential and its districtwise distribution is given in 
Table 5. It can be seen that district Doda in Jammu province 
has the highest potential for hydro electric power 3800 MW 
as against 3000 MW in whole of Kashmir valley and 1000 MW in 
Leh and Kargil. Udhampur, Poonch and Kathua together possess 
hydro power potential of only 173 MW. However, the estimates 
of hydro electric potential are based on surveys conducted 
as early as 1980 and no fresh survey has been carried out to 
6. Ahmad Tasawoor, Profile of Hydel Power in Jammu and 
Kashmir State, Paper presented at National Seminar on 
Regional Planning and Urban Development in University 
of Kashmir, July 1986. 
3) 
TABLE-5 
Hydroelectric Power Potential in Jammu and Kashmir (In MW) 
S.No. 
(1) 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
Name 
(2) 
Kishen Ganga 
Gangabal (pumped Storage) 
Kirthal I and II 
Uri 
Dul-Hasti 
Suru (Multi-stage) 
Pakal Dul 
Savjalkot 
Nunatoo - Dul 
Sonamarg 
Bhagliar 
Nagar Dam 
Lidder (Multistage) 
Zanskar (Multistage) 
Rattli - Jangalwar 
Upper Sindh (II) 
Kuligad 
Vishow 
Sewa 
Ans (I & II) 
Bichlari (I & II) 
Neeru 
Location 
(3) 
Barmulla 
Srinagar 
Doda 
Baramulla 
Doda 
Kargil 
Doda 
Doda 
Doda 
Srinagar 
Doda 
Doda 
Anantnag 
Kargil 
Doda 
Srinagar 
Doda 
Anantnag 
Kathua 
Udhampur 
Doda 
Doda 
Proposed 
Installed 
Capacity 
(4) 
900 
700 
690 
660 
330/660 
650 
600 
500 
500 
180/450 
400 
350 
200/300 
300 
140 
105 
105 
100 
90 
60 
60 
50 
(Contd.) 
3G 
Table-5 Contd . 
(1) (2) (3) (4) 
23. Drass/Shingoo Kargil 50 
24. Parnal Poonch 50 
25. Uimu Leh 50 
26. Shangshi Kargil 30 
27. Chellong Kargil 20 
28. Dessa Doda 2 0 
29. Mandi Poonch 13 
30. Karu Leh 7 
31. Gaik Leh 7 
32. Tangste Leh 3 
33. Micro All through More than 
the State 100 in 
number 
Total 8720 MW 
i) Potential identified 3720 MW 
ii) Potential identified but yet to be taken 
up for investigation like Zanskar, Mohra 
Chenab, tributories etc. 3300 MW 
iii) Salal 690 MW 
iv) Installed 180 MW 
Grand Total 10000 MW 
Source: Chief Engineer, Irrigation and Flood Control, 
Srinagar, 1990. 
37 
identify the economically viable power potential in Che 
State. In addition to already identified power potential, 
the State has immense potential of pumped storage generation 
to meet the peak time power storage. These sources of power 
are yet to be identified and their economic viability is to 
be worked out in the State. It is, therefore, imperative 
that the Government undertakes a fresh survey to discover 
and identify the hydro-electric potential and also ascertain 
the viability of different power projects, in the State. 
POWER DEVELOPMENT PROGRAMMES 
As against a massive hydro power potential of 10,000 
MW, the State of Jammu and Kashmir has so far succeeded in 
harnessing only 184 MW or 1.4 per cent of the total. 
Consequently, there exists a huge untapped amount of hydro 
electric potential in the State. However, it may be noted 
that a large number of viable hydel power projects have been 
identified to combat the power crisis in the State. A few of 
these projects are already under construction and the 
remaining are either under the evaluation of the techno-
economic committee of the State or submitted to Central 
Electricity Authority (CEA) for approval. These projects 
have been classified in accordance with the cost and 
capacity of generation as well as the present status of 
their development. 
The data regarding the hydel power projects under 
3^ 
construction or cleared by CEA for construction are 
presented in Table 6. These projects are small and medium in 
size involving an investment ranging from Rs. 5 crores to 
Rs. 25 crores at the time of clearance. The Karnah hydel, 
designed for installation of 2 units of 1 MW each, and 
Pahalgam hydel project were planned to begin generation in 
1988-89. However, due to disturbances in Kashmir the two 
projects got delayed and the construction work which was 
suspended in 1989, is yet to start again. The work on 
Chenani Power Project (Phase II and III) and Sewa Hydel 
project is in progress and the two projects are likely to be 
commissioned soon. The total installed generating capacity 
of the projects except the Rajouri projects which is yet to 
be taken up for construction is 19 MW. Once commissioned, 
these projects are likely to add 107 million units of energy 
in the State. 
The scope and significance of mini and micro hydel 
power projects are well recognised in the State. A number of 
such projects have been taken up for construction recently. 
The cost and generating capacity of each project is given in 
table 7. The power plants included in this category are 
described as mini projects because (1) the installed 
generating capacity in each project is on or less than one 
megawatt; and (2) the cost of the project is less than Rs. 5 
crores at constant prices. All mini projects, involving a 
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4 1 
total cost of 14.9 crores at constant prices, are under 
construction. Only one project Pogalgad at Ramban was not 
taken up for construction. The total installed capacity of 
mini projects under construction is about 5 MW and the 
envisaged addition to the available energy is 27 million 
units annually. Three mini projects, Kundock hydel project 
(100 KW) , Matayan Project (45 KW) and Shaker-Chiktan (260 
KW) are designed to provide electricity to Leh and Kargil. 
The Asthan-Nallah micro projects with installed capacity of 
2 units or 300 KW each, is designed to supply power to 
isolated Gurez valley. Likewise, other mini hydel power 
projects are envisaged to provide electricity to farflung 
areas of the State. 
The State has also submitted a number of small and 
medium hydel power projects to the Central Electricity 
Authority for approval. A detailed description of these 
projects is presented in table 8. It can be seen that the 
biggest among these is the Shitkari Kulan hydel project 
which has an installed generating capacity of 84 MW at the 
cost of Rs. 16.4 crores. Two power projects in Pahalgam 
namely, Nunwan-Batkote Hydel project and Batkote-Sakhras are 
envisaged to generate 23 MW and 2 x 18 MW of power involving 
a cost of Rs, 49.95 crores and Rs. 97 crores, respectively. 
The Hirpora and Athwatoo projects in shopian have a total 
generating capacity of 16.5 MW and involve a total cost of 
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Rs. 47.82 crores. The Boniyar and Naigarh (Kishtwar) are 
envisaged with installed capacity 3 and 6 MW respectively 
involving a total cost of Rs. 22.09 crores. The total 
installed generating capacity of all projects submitted to 
CEA for clearance is 168.5 and their likely annual 
additional to energy in the State is 775 million units. 
At present, a large number of hydel power projects are 
under investigation in the Power Department of the State. 
The data regarding their likely capacity and location are 
presented in table 9. It is evident that only two projects 
viz. Naunatti-Naigarh in Kishtwar and Uri (Phase II) in 
Baramulla envisages an installed generating capacity of 2 00 
MW each whereas most other projects carry an installed 
capacity of less than 50 MW each. This follows from re-
orientation in the State policy of investigation in favour 
of small and medium hydel stations. The Power Development of 
the State has decided to concentrate on such schemes which 
are easy to be constructed and have small gestation period. 
The likely installed capacity of all hydro power projects 
under study is estimated to be 940 MW and the annual 
addition to available energy shall be more than 5 million 
units.Though the economic viability of these projects is 
yet to be worked out, the amount of capital required for 
their implementation is likely to be enormous. 
In addition to the ongoing and under study schemes 
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mentioned above, the Government of India has also taken up 
some major hydro power projects for investigation and 
construction in the State. The data regarding these projects 
is presented in table 10. It can be seen that most of the 
projects in the Central Sector are gigantic in size and are 
beyond the capabilities of the State. Two of these projects 
viz. DUL-Hasti Hydel Project and Uri Hydel Project with 
installed generating capacity 390 MW and 480 MW respectively 
are under construction. The Salal Hydel Project with 
installed generating capacity of (3 x 115) 345 MW was 
commissioned recently to supply electricity to the State and 
the northern grid. The share of the State from this project 
is 121 MW but Power cannot be carried to the valley for 
want of adequate transmission lines. The Jammu region is 
likely to be the only beneficiary from Salal and other 
Central Schemes till transmission lines are constructed to 
carry bulk power to Kashmir valley. 
The biggest power projects envisaged under the central 
sector are palial Dul Hydel Project and Burser Hydel Project 
in Doda and Sawalkote in Udhampur District, of Jammu region. 
Together these projects carry an installed generating 
capacity of 5200 MW. The total installed generating capacity 
of all central schemes is 7695 MW and the annual addition to 
available energy is likely to be 20 billion units. This 
excludes the Uri Hydel Project whose contribution to energy 
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supply is not worked out by the experts of CEA. The State's 
share of power from Central Sector Projects, except in case 
of Salal Hydel Project, is yet to be decided by competent 
authority. 
The share of power for the State from Central Sector 
stations involves a fundamental issue concerning the 
legitimate rights of the people of Jammu and Kashmir. As 
already noted, the Indus Water Treaty has put limitations on 
the use of water from rivers namely Indus, Jhelum and Chenab 
while exclusive use of water was possible for the eastern 
rivers of Ravi, Beas and Sutlej. In accordance with the 
principle of natural justice the State has gained a right to 
partner status with Punjab and Haryana in the distribution 
of power from Bhakra Nangal and Beas projects. However, the 
State has been denied this status and its share of power 
from Bhakra is 15 MW. Moreover, the meagre amount of power 
is made available at 20 paisa per unit compared with only 2 
paisa for Punjab and Haryana. Beyond its share, the State is 
charged at global rate, which at present is 87 paisa per 
unit. It is, therefore, suggested that the State Government 
should fight for equal treatment with Punjab and Haryana so 
that the State gets due share from this cheap source of 
7 
Power . 
7. Koul K.L., Power Scenario in the World with reference 
to Jammu and Kashmir State, p.22. 
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The distribution of power from Central Sector Stations 
is governed by Gadgil formula "which gives home State 10-12 
per cent power (in case of hydel this is given free while 
for thermal one has to pay for it) 15 per cent power remains 
un-allocated to work as reserve for allocation by the Centre 
while the balance of power is distributed as per the actual 
demand of the various States . In accordance with this 
formula, the State of Jaramu and Kashmir will get a total 
share of 720 MW to 840 MW of power from Central Stations. 
Besides, the share of power for the State and other sources 
is as follows: 
(1) Singrauli (STPS) which has a generating capacity of 
2 000 MW will provide 1.5 per cent of 30 MW of power; 
(2) Anta Gas, with insstalled capacity of 430 MW, will 
provide 30 MW; 
(3) Rihand Super Thermal (Stage I) with installed capacity 
of 2 X 500 MW will give 70 MW to the State; 
(4) Aruya Gas Plant has a capacity of 600 MW and States 
share is 40 MW; and (5) Narora Atomic Project with 
installed capacity of 470 MW will provide 35 MW of 
power to the State. 
All these schemes are likely to add 205 MW of 
power in the State. 
8. Koul K.L., Power Scenario in the World op. cit. p.20. 
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DEMAND AND' SUPPLY FORECASTS 
The shortage of electricity has become a 
characteristic feature of the State of Jammu and Kashmir. 
The demand for electricity has continued to increase as a 
result of rising population and higher levels of living. On 
the other hand, the supply of electricity has increased 
marginally over the years and infact during the past decade 
or so there has been no addition to the generation capacity 
in the State. Whatever, increase has taken place in the 
availability of electricity is through imports and 
generation by Gas Turbine at Pampore which produces 
electricity at an exorbitant cost of Rs. 3/- per unit . In 
1989 the State imported 48 lakh units of power per day out 
of which 35 lakh units were given to Jammu and 13 lakh units 
were transmitted to the valley of Kashmir. The power 
supplied to Jammu was enough to meet its normal requirements 
whereas Kashmir continued to face acute shortage of power-'-^ . 
As per CEA estimates the power shortage would continue 
to plaque the State even upto the year 1994-95. The 
installed generating capacity in the Sate is estimated to 
increase marginally from 357 MW to 364 MW whereas the total 
capacity including that of the Central Sector Schemes in the 
9. Zaidi, A.H., Acute Power shortage in Kashmir valley, 
Kashmir Times, June 09, 1991. 
10. Acute Power Scarcity in Kashmir valley. The Times of 
India, New Delhi, June 10, 1991. 
state is likely to increase from 638 MW to 774 MW during the 
period from 1989-90 to 1994-95. The State's share from 
Central Sector projects will also increase from 281 MW to 
410 MW during the same period. The peak demand for power is 
likely to increase from 632 MW to 1213 MW whereas peak 
availability will increase from 356 MW to 536 MW. Thus the 
shortfall in supply will be 677 MW or 55.81 per cent in 
1994-95. The difference between energy availability and 
energy requirement is anticipated to be 2291 MWh or 39.18 
per cent in 1994-95"'--'-. 
FINANCIAL REVIEW OF POWER DEVELOPMENT 
As already noted, the State of Jammu and Kashmir is 
facing an acute shortage of power and in the immediate 
future the energy demand is likely to outpace the growth in 
the supply of electricity. As a consequence, the State has 
to import in large quantity to meet its . growing 
requirements. The cost of importing power from Central 
Sector Schemes and other sources is summarized in table 11. 
It will be seen that the cost of importing electricity is 
much higher than the cost of generation of the hydro power 
stations in the State. The average cost per unit of power 
imported is about 44 paisa compared with only 34 paisa in 
self generating units. The total expenditure on import of 
power during 1989 was Rs. 53 crores which could install a 
11. Govt, of J & K, Feasibility cum Project Report for Gas 
Turbine Power Station, Srinagar, p. 32. 
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TABLE 11 
Expenditure on Import of Power in Jammu and kashmir State 
Project Units 
(LUs) 
Rate 
(Per Unit) 
Amount 
{Rs.lakhs) 
Salal (NHPC) 
Bhakra 
Singrauli 
Rihand 
Anta Gas 
Sub Total 
Cost/unit 
10092.73 46.20 paisa 4662.50 
1442.99 19.67 ,, 258.46 
(For 1314 LUs) 
82.00 Paisa 105.78 
(for 1314 LUs) 
50.50 Paisa 269.28 533.24 
10.09 
4.91 
12083.96 
43.8 Paisa 
Cost of Self-generation 
5918.54 18.0 Paisa 1065.33 
50.5 Paisa 5.09 
110.0 Paisa 5.40 
5306.51 
Lower Jhelum 
Hydel Project 
Upper Sindh 
Ganderbaj. 
Chenani 
Mohra 
Sub Total 
Grand Total 
1037.80 
908.42 
513.21 
413.69 
23.7 Paisa 245.96 
15.0 Paisa 136.26 
38.0 Paisa 195.02 
24.14 Paisa 99.86 
1742.43 8791.66 
Cost/Unit = 19.88 Paisa 
20875.62 LUs 7048.94 
Cost/unit ^ 33.75 Paisa or 70.50 
Crores 
Source : Chief Engineer, Power Development Department, Govt 
of Jammu and kashmir, Srinagar. 
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generating capacity of about 25 MW in one of the identified 
hydro power projects in the State. It can be concluded that 
the present power situation in the State is highly 
uneconomical and there is therefore an immediate need to lay 
stress on self generation rather than on import of power 
from outside. 
State Electricity Department 
The working of the State Electricity Department is 
presented in table 12. It will be seen that the State 
Electricity Department has suffered a loss of Rs. 97.16 
crores during the year 1990-91. The losses suffered by the 
Department were Rs. 31.91 crores in 1983-84 and Rs. 68.32 
crores in 1987-88 . The loss per unit of power sold during 
the year 1990-91 was 81.87 paisa. However, the revenue 
realized from outside the State is on account of sale of 
power prior to 1990-91, the actual revenue realized by the 
department was within the State which was only Rs. 35.24 
crores. The sale rate was thus 28.12 paisa per unit and the 
actual loss per unit of power sold was 90.12 paisa. This 
suggests that the sale rate per unit of power should be 
raised to about 130 paisa to make it compensatory. At 
present, the tariff rates levied in the State are 28 paisa 
for domestic 50 paisa for commercial, 10 paisa for 
agriculture use and 40 paisa for industries. 
12. Indian Economic Diary, The Tribune, Chandigarh, April 
30 - May 06, 1989. 
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TABLE - 12 
FINAJTCIAL REVIEW OF STATE ELECTRICITY DEPARTMENT 
(Financial Year 1990 ^  91) 
Revenue realized during 1990-91 
Sale of Power within State 
Sale of Power outside State 
Revenue Miscellaneous 
Electricity Duty-
Grand Total 
= Rs. 35.24 Crores 
= Rs. 6.56 
= Rs. 3.77 
= Rs. 4.63 
= Rs. 50.20 Crores 
Expenditure incurred during (1990-91) 
= Rs. 70.50 Crores 
= Rs. 24.25 
= Rs. 8.57 
- Rs. 18.56 
= Rs. 16.67 
= Rs. 3.01 
= Rs. 6.50 
= Rs. 148.16 Crores 
= Rs. 97.96 Crores Losss 
Units at sending end = 2088 MU 
Units sold after 46% T & D losses = 1253 MU 
Expenditure on Purchase of Power - Rs. 148.16 Crores 
Purchase rate = Rs. 118.24 paisa/unit 
Revenue realized on sale of power = Rs. 45.57 Crores 
Sales rate = 118.24 - 36.37 
Loss per unit = 81.27 Paisa 
Source : Chief Engineer, Power Development Department, 
Government of J & K, Srinagar. 
Cost of Power 
Establishment 
Depreciation 
Interest to State Government 
Interest to CRS 
Repartriation of Loans 
0 & M Charges 
Total Expenditure 
Profit/Loss = 50.20 - 148.16 
5(, 
TransmissiLon Losses 
The extent of transmission losses in the State Via-a-
vis other States is given in table 13. It will be seen that 
transmission losses are highest in Jammu and Kashmir (46.46 
per Cent) compared with other States and the All India 
average oE 22.31 per cent. The reason for exceptionally high 
transmission and distribution losses are high technical 
losses and pilferage of electricity. While it is possible to 
bring down technical losses by designing proper transmission 
and distribution system, it will require on all out effort 
to reduce the pilferage and excessive domestic use of 
electricity-'--^ . The law to curb power pilferage is not being 
implemented by officials with the generation and 
distribution of electricity in the State. Thus, it can be 
conlcuded that the power sector is financially sick due to 
large imports of power as well as high transmission and 
distribution losses. 
Transmission and Distribution 
Electricity generated has to be transmitted and 
distributed among all the consumers simultaneously as it 
cannot be stored except in very limited quantities. 
Therefore, transmission and distribution of electricity is 
essential as its generation for meeting the energy 
requirements of the people. The inadequacy of transmission 
13. Koul K.L., Power Scenario in the World, op. cit. p.24. 
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TABLE - 13 
TRANSMISSION LOSSES IN INDIA (1990-91) 
S.NO, Region/State Total Power 
Available 
(GWH) 
Transmission loss 
as %age to total 
power available 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
Haryana 
Himachal Pradesh 
Jammu and Kashmi; 
Punjab 
Rajasthan 
Uttar Pradesh 
Chandigarh 
Delhi 
Guj rat 
Madhya Pradesh 
Maharashtra 
Andhra Pradesh 
Karnataka 
Kerala 
Tamil Nadu 
Bihar 
Orrisa 
West Bengal 
Sikkim 
Assam 
Manipur 
Meghalaya 
Nagaland 
Tripora 
8357.17 
2316.21 
c 2750.90 
15400.80 
11143.53 
26691.17 
469.21 
6911.46 
20516.63 
26714.46 
37649.75 
20228.00 
15146.00 
6828.40 
19933.54 
7044.00 
5637.0 
6962.92 
36.21 
1987.02 
192.75 
384.09 
113.96 
150.20 
Arunachal Pradesh 57.10 
Mizoram 
All India 
46.22 
27.59 
17.51 
46.46 
19.00 
24.59 
26.08 
21.66 
28.69 
22.05 
18.76 
15.52 
19.60 
19.60 
21.02 
18.40 
21.00 
23.00 
21.90 
21.38 
21.00 
35.71 
11.35 
29.00 
30.57 
24.89 
29.66 
22.31 
Source : Government of India, Public Electricity supply, All 
India Statistics General Review 1990-91, Central Electricity 
Authority, New Delhi. 
5"i 
network hampers the distribution of electricity supplied by 
generating stations. A faulty transmission and distribution 
network leads to enormous power loss. Thus, it can be said 
that an adequate and efficient transmission and distribution 
is most essential for successful operation of the power 
supply system. 
In the State of Jammu and Kashmir, the transmission and 
distribution system have been neglected in planning for 
power development. As a consequence, the State particularly 
Kashmir region is paying dearly on account of the lack of 
transmission line required for carrying electricity from 
generating plants to the consumers. The double circuit 132KV 
transmission line is only link between Jammu region and 
Kashmir. This line, which passes through mountains and 
difficult routes over Pir Panchal Range, has a very limited 
capacity of carrying 60 MW power and even with series 
compensation, its power carrying capacity shall not be more 
than 110 MW. Moreover, the transmission line is outaged and 
particularly during winter, there are frequent distruptions 
in power supply to the valley . The commissioning of the 
Salal Hydroelectric Project added about 121 MW to the power 
supply in the State. However, the limited capacity of the 
existing transmission line restricts the power supply to the 
valley of Kashmir whereas Jammu is to be the only 
14. Govt, of J & K, Feasibility cum Project, Report for Gas 
Turbine Power Project, Srinagar. 
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beneficiary of power from the project. Thus, it can be 
concluded that Kashmir is paying a heavy price for the 
neglect of transmission and distribution systems but power 
from Salal has given relief to a limited extent by reducing 
pressure of Jammu region on the existing supplies of energy 
in the State"^ ^ . 
As to why a transmission line was not laid, even when 
the State's share of power from Salal Hydel Project was 
predetermined, there seems to be no explanation except the 
short sighted policy adopted about power planning in the 
State. This is obvious from the following; "Decades ago, 
when Salal was planned, it envisaged a 220 KV transmission 
line from Udhampur to Srinagar, but as the Salal project 
kept being delayed and 390 MW Dul-Hasti Power station was 
planned on Chenab river in Kishtwar, the NHPC decided that 
there should be a transmission line from Dul-Hasti to 
Kishtwar and from there a 400 KV line to Srinagar. But both 
Dul-Hasti and the transmission line are yet to take off. 
1 fi While the Salal has become operational . However, work on 
Dul-Hasti is in full swing and the power station is likely 
1 7 
to be commissioned m July 1996 . 
15. Govt, of J & K, Economic Review of J & K, 1987-88. 
16. Zaidi. A.H., Acute Power Shortage in Kashmir Valley, 
Kashmir Times, June 11, 1991. 
17. Doordarshan News Bulletin, English Evening, National 
Programme, 5 Jan, 1992. 
Recently, the NHPC with the concurrence of CEA 
sanctioned two schemes for construction of transmission 
lines with a view to facilitate power supply to the State 
and also from power station in the State to the Northern 
grid. One of the scheme is 220 KV Kishenpur-Srinagar transm-
ission line, "which would carry 175.20 million units of 
energy from Kishenpur to Wagura (Srinagar) for further dist-
ribution to the entire Kashmir Valley at the rate of sixty 
paisa per unit, the revenue earned would be Rs. 105.12 
crores per year. The energy supplied through this line shall 
fulfill the ever increasing demand of power in Kashmir 
Val-ley-'- . The second scheme is 2 single circuit 800 KV (2 x 
800) transmission line from Kishenpur ( J & K) to Moga 
(Punjab) . This transmission line would carry bulk power 
generated from Salal, Dul-Hasti, Bagliar, Sawalkot and 
Chamera Stage-II Hydro Electric Projects from the pooling 
point viz; Kishenpur in Jammu and Kashmir to Moga in Punjab 
for further supply to the northern grid. 
Besides, the NHPC and M/S Technoprone Export of the 
Erstwhile USSR signed an agreement in New Delhi for erection 
of a 631 Km long Dul-Hasti-Kishtwar Kishenpur-Srinagar 400 
KV transmission network which will pass through snow bound 
areas in the State and it is for the first time that a 400KV 
18. Notification of the Transmission schemes by NHPC, The 
Kashmir Times, August 2lst 1990, Jammu. 
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transmission line will be built in the country under such 
climatic conditions"'- . The transmission lines already laid 
or under construction are: 132 KV double circuit lower 
Jhelum project - Bemina (Length 52 Km) , one 132 KV Single 
circuit (Gladni) - Janipore line (7.7 Km) 22 KV Single 
circuit Udhampur - Sarna (124.2 Km) 220 Dassuya-Sarna and 
Sarna-Jamrnu link; 220 KV Single circuit Udhampur - Gladni 
(50 Km) Two 132 KV double circuit Parimpur - Habak (32 Km) 
and Jammu - Kathua (74.2 Km) are under construction. There 
are eleven grid stations already functioning and even more 
are under construction in the various parts of the State. A 
network of 33/11 KV receiving stations and sub-transmission 
system is also in progress in the State. 
The Plans and Power Development 
It has long been recognised that adequate and reliable 
power supply is essential for the growth of industry and 
agriculture and also for the all-round development of the 
State of Jammu and Kashmir. Yet, the growth of power Sector 
has not received its due attention in the formulation and 
execution of economic plans for the State. The State 
continues to face acute shortage of power even after more 
than forty years of economic planning. The power shortage is 
not only crippling the economy of the State but also causing 
19. Zaidi, A.H. June 11, 1991, op.cit., also Economic 
Diary, The Tribune Chandigarh, June 2, 1991. 
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immense hardships to the people particularly in the valley 
of Kashmir. There is a paramount need for more generation 
capacity and for transmission lines to generate and deliver 
electricity to people all over the State. 
The planwise allocation to the power sector in the 
State is presented in table 14. It can be seen that though 
the allocation has increased from Rs. 2.73 crores in 1st 
Plan to Rs. 170 crores in VI plan and further increased to 
Rs. 1175.18 crores in VIII plan, the State has not been 
allocated enough resource to meet its vast requirements of 
power due to continuing growth in population and industrial 
and agricultural activity. On the same time other States in 
the Northern Region has been allocated considerably higher 
amounts in all the plans. Table 15 shows that the VI plan 
allocation to J&: K was Rs. 170 crores which was increased to 
Rs 278.22 crores in VII plan. This increase was 39 per cent 
while the increase in VIII plan over VII plan was 76 per 
cent. While in case of Punjab this increase was 55 per cent 
and 32 per cent respectively. For the U.P. the increase in 
allocation was 37 per cent and 51 per cent. Even in case of 
the smaller States like Haryana and Delhi the increase in 
allocation was 46%, 41%, 58% and 70% respectively. Though 
the VIII plan allocation to the State is higher, still it 
does not seem to be sufficient to meet the requirements. 
h3 
TABLE-14 
PLAN OUTLAYS FOR POWER SECTOR (JAMMU AND KASHMIR) 
PLAN 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
POWER 
(Rs. Crores) 
2.73 
3.29 
9.97 
36.69 
87.77 
170.00 
278.22 
1175.18 
Source: 1st Plan to VIII Plan. Govt, of India, Planning 
Commission, New Delhi. 
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TABLE - 15 
PLAN OUTLAYS FOR POWER SECTOR (NORTHERN REGION) 
(Rs. in crores) 
State VI Plan VII Plan VIII Plan 
Haryana 545.00 1010.25 1701.99 
Himachal Pradesh 139.73 260.11 500.00 
Jammu and Kashmir 170.00 278.22 1175.18 
Punjab 732.94 1638.00 2417.50 
Rajasthan 675.00 874.20 3200.00 
Uttar Pradesh 2125.90 3395.00 6974.76 
Chandigarh 11.50 28.38 55.00 
Delhi 152.94 364.30 1212.00 
Total 4553.01 7848.46 17236.43 
Source : Vi, VII and VIII Plans, Govt, of India, Planning 
Commission, New Delhi. 
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As a consequence of high priority accorded to power 
development, Punjab has achieved tremendous growth in 
electricity generation in a short span of time. It has 
surplus power for export to neighbouring States at fairly 
high prices. The State of Jammu and Kashmir must emulate 
Punjab in Planning for power development so that it is 
possible to meet the domestic requirements and enter the 
export market for power in the northern region. It is 
therefore necessary that the J & K Government must approach 
the Central Government for more funds for the State to meet 
the emerging power crisis. 
Rural Electrification 
Rural Electrification is an essential component of 
rural development programme. The agricultural productivity 
can be raised by providing more irrigation water and water 
at the right time, by the use of fertilizers, by controlling 
plant diseases and pests, by the development and use of 
improved seed and crop varieties, by adopting double or 
multiple cropping and by the use of better cultivation 
practices. All these depend, to a great extent, upon 
increased supplies of electricity to rural areas. 
The State of Jammu and Kashmir embarked on a programme 
of rural electrification four decades ago. Since then a 
great deal of effort has gone into the electrification of 
villages and hamlets in the State. Table 16 presents data on 
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TABLE - 16 
NUMBER OF VILLAGES AND HAMLETS ELECTRIFIED 
S.No. 
(1) 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
Year 
(2) 
1950-51 
1955-56 
1960-61 
1965-66 
1968-69 
1973-74 
1974-75 
1977-78 
1978-79 
1979-80 
1980-81 
1881-82 
1982-83 
1933-84 
1984-85 
1985-86 
1986-87 
1987-88 
1988-89 
1989-90 
1990-91 
1991-92 
Kashmir 
Division 
(3) 
12 
16 
34 
312 
404 
736 
906 
2585 
2831 
3016 
3170 
3351 
3427 
3527 
3600 
3604 
3647 
3735 
3740 
3687 
3830 
3830 
Number 
Jammu 
Division 
(4) 
3 
17 
36 
188 
382 
644 
828 
1595 
1872 
2150 
2373 
2698 
3522 
4055 
4551 
4968 
5336 
5666 
6139 
6433 
6599 
6789 
of villages 
Leh Sc Karg 
districts 
(5) 
-
-
-
1 
3 
8 
8 
18 
18 
19 
45 
48 
64 
77 
94 
104 
125 
132 
156 
161 
159 
159 
/hamlets 
il Total 
State 
(6) 
15 
33 
70 
501 
789 
1388 
1742 
4198 
4721 
5185 
5588 
6097 
7013 
7659 
8245 
8676 
9108 
9533 
10035 
10281 
10588 
10778 
SOURCE: 1. Chief Engineer, Electric Maintenance and RE 
Deptt. (Srinagar). 
2. Development Commissioner Power (J & K). 
t))c- number of villages electrified over the years since 
19S0-51. The data indicates that in 1950-51, the total 
number of villages and hamlets with access to electric power 
was only 15, out of which 12 villages belonged to Kashmir 
valley and only 3 to Jammu. No village was electrified in 
Leh and Kargil in the Ladakh region of the State. The number 
of villages electrified increased significantly to 501 in 
1965-66, 312 villages were from Kashmir, 188 from Jammu and 
one village from Ladakh region. However, the rural 
electrification received a fillip only after Rural 
Electrification Corporation (REC) began to finance the 
programme in 1973-74. Since then the number of villages 
electrified has increased steadily and significantly from 
1388 in 1973-74 to 8676 in 1985-86 and 10788 in 1991-92. The 
number of villages electrified in Kashmir valley has 
increased from 736 to 3604 and 3830; and in Jammu mmA from 
644 to 4968 and 6789 during the same period. In Leh and 
Kargil districts the number of villages electrified has gone 
up from eight in 1973-74 to 159 in 1991-92. The data also 
reveals that the number of villages electrified in Jammu 
region s;-nce 1980-81 increased by 186% while the increase 
was only 20% in the Kashmir region. 
The data on the percentage of rural electrification in 
the State is illusory. Whereas Jammu has adequate 
electricity supply to its consumers in cities and rural 
areas, the Kashmir valley is reeling under acute shortage of 
power. The scarcity is most severely felt during winter 
months when temperature goes much below the freezing point 
and sunshine is rarely seen. During 1994-95 the gap between 
demand and supply has been estimated with Kashmir Valley 
particularly m winter as follows : 
Demand Available Deficit 
Morning 
(5 AM to 9 AM) 
Day 
(9 AM to 5 PM) 
Evening 
(5 PM to 10 PM) 
Night 
(10 PM to 5 AM) 
420 MW 
360 MW 
435 MW 
22 0 MW 
160 MW 
140 MW 
245 MW 
14 0 MW 
260 MW 
220 MW 
190 MW 
80 MW 
In order to cope up with the Power Crisis particularly 
in winter, the electricity authority have resorted to power 
curtailment in the valley. The power curtailment in the 
cities and rural areas of Kashmir is as follows: 
WEEKLY CURTAILMENT: 
Cities and Towns 
i) 5 hours cut daily from 9AM to 2PM or from 1PM to 5PM. 
ii) Two days, evening peak hour cut for 5 hours from 5 PM 
to 10 PM. 
iii) One day cut from 9 AM to 5 PM once a week. 
iv) Two nights cut from 10 PM to 8 AM in a week. 
20. Executive Engineer, Load Mettering and testing and 
Power Line Carrier Communication, Bemina, Srinagar. 
VILLAGES 
i) 12 hours cut every day. 
ii) Three days evening peak hour cut for 5 hours from 5 PM 
to 10 PM. 
iii) Three nights cut from 10 PM to 8 AM. 
These curtailments have badly effected the industrial 
development in the valley and have also made the life 
miserable. 
Alternative Sources of Electricity 
Besides, hydroelectricity, the other sources of rural 
energy are firewood, agro-waste, wind power and solar power. 
Fuelwood is the most important source of non-commercial 
energy in the State. However, the supply of fuelwood causes 
denudation of forests which disturbs the environmental 
balance in the State. The total availability of fuelwood has 
been declining since the beginning of 1980. Thus in 1980-81 
the quantity of firewood extracted from the forests of the 
State was 238 thousand cubic meters as against 113 thousand 
cubic meters in 1985-86 and only 96 thousand cubic meters in 
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1987-88 . As a consequence of reduced supplies of firewood 
people in rural areas have turned to the use of electricity 
and gas for cooking and heating. 
Another source of energy in rural areas of the State is 
agrowaste the amount of agrowaste depends on the volume of 
21. Economic Review of J & K (1989-90), p. 19. 
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agricultural production. The estimate of available agrowaste 
based upon agricultural production is given in Table 17. It 
can be seen that the available agrowaste is 1830.85 thousand 
tonnes as against grains production of 1092.15 thousand 
tonnes. It is difficult to estimate the share of the 
agrowaste that would be normally used as fuel. But the 
steady increase in the agricultural production can be 
expected to steadily increase the total quantity of 
agrowaste available and substantial part of it can be used 
as a source of energy in rural areas. 
TABLE - 17 
Crop 
Rice 
Maize 
Wheat 
Bajra 
Small 
MilleLij 
Pulses 
Area under 
cultivation 
(000 hec.) 
237.1 
267.0 
100.4 
15.2 
11.6 
40.0 
Grain production 
(000 tonnes) 
426.78 
359.38 
100.40 
8.19 
10.80 
20.60 
Agrowaste 
(000 tonnes) 
896.24 
539.07 
320.76 
13.92 
13.50 
47.36 
Total 780.3 1029.15 1830.85 
Source: Economic Review (1990-91) of Jammu and Kashmir, 
Govt, of J & K, Directorate of Economics and Statis-
tics, Planning and Development Deptt., Sgr. 
The use of windpower to pump water for irrigation, 
livestock and domestic use is most popular in some developed 
countries of the world. However, the use of windpower is 
confined to areas with high and steady windspeed and the 
power generation by windpower varies with wind velocity and 
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most older devices operate only above relatively high 
threshold windspeed. In Jammu and Kashmir, Ladakh region 
have high velocity winds to blow over the region for major 
part of the year. The exploitation of this source do, 
however, require detailed and long term investigation to 
arrive at wind pattern and selection of suitable locations. 
Likewise, solar energy which can be used for water heaters, 
water pumps, furnaces, cookers and for other farm chores in 
available all over the earth but where there are long, 
dearth arctic winters and cloudly and foggy climates, a 
solar project is not so useful as in the sunny dry areas. In 
the State of Jammu and Kashmir, the topograph and lithology 
restricts and limits the Generation of solar power. Although 
Ladakh's location and climate creates ideal circumstances 
for application of Solar energy, which receive bright and 
high resolution sunlight during most part of the year. These 
conditions coupled with high altitude makes the region 
ideally suited to the exploitation of Solar energy. Table 18 
indicates that the Government of Jammu and Kashmir has 
installed Solar Water Heating System, Solar Photovoltaie 
System, Biogas, Solar cookers, Solar Sprayer, Fuelless 
pumps, Improved Chulas, Gasifier system, lowcost 
sanitational units, Aksay cooking unit, compressed soil 
blocks, Fuel Efficient Bukharies Portable Metal Kiln. Thus 
it may be seen that the State has made very little progress 
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TABLE - 18 
DEVELOPMENT OF ALTERNATIVE SOURCES IN JAMMU & KASHMIR 
S.No. Scheme Details Physical Progress 
Upto During Cummulative 
31.03.93 1993-94 upto 31.3.94 
1. 
2. 
3. 
Solar Water 
Heating 
Systems 
Solar Photo-
voltaic 
Systems 
Biogas 
(a) 
(b) 
(c) 
(a) 
(b) 
(c) 
(a) 
1000 LPD 
500 LPD 
100 LPD 
Domestic 
Street 
Lantern 
Community 
24 
1 
85 
202 
269 
650 
1 
Nos . 
No 
Nos . 
Nos. 
Nos. 
Nos. 
No. 
24 Nos 
1 No. 
2 No. 8 No. 
350 Nos. 552 Nos 
20 Nos. 289 Nos 
175 Nos. 825 Nos 
1 No. 
(b) Domestic 15 No. 2 Nos. 17 Nos 
4. Solar Cookers (a) Community 60 Nos. - 60 Nos, 
(b) Domestic 1240 Nos. 90 Nos. 1330 Nos. 
(c) Window 25 Nos. - 25 Nos. 
5. Solar Desalination 
System (a) 100 LPD 1 No. - 1 No. 
(b) 50 LPD 2 No. - 2 Nos. 
(c) 10 LPD 18 Nos. 5 Nos. 23 Nos. 
6. Solar Drier 20-25 Kg capacity 9 Nos. - 9 Nos. 
7. Green Houses - 1 No. - 1 No. 
8. Low Cost 
Sanitational Unit - 60 Nos. 7 Nos 
(b) Domestiic 1240 
9. Gasifier 
Systems (a) 100 KW 1 Nos. -
(b) 40 KW 5 Nos. -
(c) 20 KW 2 Nos. -
10. Solar Timber 250 eft 2 Nos. -
Seasonal Kiln. 
11. Improved (a) Fixed 1,41,137 Nos.36,152 Nos.1,77,289 No 
Chulhas (b) Portable 1,720 Nos. -
12. Solar sprayer (a) Sprayer 14 Nos. -
13. Portable Metal Kiln 1 Nos. -
Kiln 
14. Fuel Efficiient 
Bukharies Bukharies 50 Nos. -
15. Fuel]ess Pumps 2 Nos.-
16. Compressed Soil 
Blocks Soil Block 100 Nos. -
17. Akshy Cooking Cooking l.No. 
Unit Unit 
Source -. - Govt, of Jammu and Kashmir, Department of Science 
and Technology, Civil Secretariate, Jammu. 
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1 
5 
2 
2 
Nos . 
No. 
Nos . 
Nos . 
Nos . 
S l  
,720 Nos. 
14 Nos 
1 No. 
50 
2 
100 
1 
Nos . 
Nos. 
Nos . 
Nos . 
as compared to other States in the field of alternative 
sources, specially in the valley where wind generated 
electricity and Solar power offers few opportunities for 
practical applications, under these circumstances the most 
obvious choice for the State is to develop hydroelectric 
potential for electrification of rural villages and towns. 
New Schem&s 
The Government has recently finalised various schemes 
with a view to improve the power position. A massive 
investment of over Rs. 6,000 crores is being finalised to 
set up a number of hydroelectric power projects and 
associated transmission lines in Jammu and Kashmir by the 
Union Government. About Rs. 4,000 crores is proposed to be 
invested on these projects during the Eighth Plan Period. 
This will be the biggest initiative to tap the hydro power 
potential of any State in the country. 
The projects to be undertaken in Jammu and Kashmir will 
be executed by the National Hydroelectric Power Corporation 
(NHPC). It has already commissioned 345 ^W Salal Stage-I 
project in Jammu and Kashmir. 
The projects which are to be commissioned during the 
Eighth and Ninth Plans are the 345 MW Salal Stage-II, the 
390 MW Dul-Hasti, 480 MW Uri, 45 MW Baglihar and 600 MW 
Sawalkot. The programme also covers erection of a network of 
transmission lines to evacuate power from these projects to 
the beneficiary states, including the first 400 KV 
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transmission line in the snow-bound areas of the country. 
NHPC has completed a lot of infrastructural works on 
the new project sites. At least three projects - Dul-Hasti, 
Uri and Salal Stage-II are now ready for construction. NHPC 
has started the pre-construction detailed investigation work 
at Baglihar and Sawalkot projects. 
Power Corporation for Jeunmu and Kashmir 
The Jammu and Kashmir Government has set up a "Power 
Development Corporation" in the State, thus paving the way 
for investment in the Power Sector from private and 
international financial institutions with initial share 
capital of Rs. 5 crores. This step had been taken in a bid 
to exploit the vast potential of hydro power in Jammu and 
Kashmir. "The State has a potential of nearly 15,000 MW of 
hydro power every year, but due to an internal resource 
crunch this cannot be exploited to its full extent". The 
decision to form a "Power Development Corporation" was taken 
keeping in view the liberalisation policy of the central 
Government and the increasing participation of the private 
sector in the power generation and transmission system. The 
Power Development Corporation would execute all power 
projects with external assistance. The corporation had been 
formed with the basic purpose of approaching the World Bank, 
Asian Development Bank and other multi-lateral financial 
institutions and agencies for extending loan facilities for 
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executing the necessary Power Projects in the State. The 
State Government had no hesitation in inviting investments 
Worldwide and from Non-Resident Indians in the Power 
Projects in the State. If there is a need the State will go 
abroad to aprise the international community of opening up 
of this vital sector to private investment. It has been 
decided that the two prestigious projects of Sawalkot and 
Baglihar would be undertaken by the State Government with 
financial assistance from the Central Government. 
From the foregoing discussion, it can be concluded that 
the power scenario that confronts the J & K today is one of 
increasing shortages due to scarcity of investible funds for 
the expansion of electricity supply base and creation of new 
capacities. The power industry is highly capital intensive 
and contraints of funds constitute a serious limitation in 
setting up power projects commensurate with the size of 
requirements. There is a large gap between the requirement 
of funds for the necessary additions to the existing 
capacity and what can be provided by the government through 
the normal process of plan outlays. Further in view of 
continuing disturbed conditions in the valley and so far no 
interest shown by private enterpreneurs for setting up of 
power projects, the option that remains is to improve the 
performance of existing power projects in the State. The 
succeeding chapters have therefore been devoted to the study 
of problems and performance of major power projects in Jammu 
and Kashmir. 
lAPTi iM ii: 
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CHAPTER z III 
POWER PROJECTS IN JAMMtJ REGION 
Jammu region comprising of Doda, Udhampur, Jammu, 
Kathua, Rajouri and Poonch districts is located in the South 
of the State. The region has an area of 26,089.0 Sq. Ktns. 
which is 11.7 per cent to the total area of the State. The 
region covers 35.7 per cent of population to the total 
population of the State . 
Jammu region was having acute shortage of power even 
after buying power from jogindarnagar (Punjab) and also 
generating electricity from various local small power 
stations. The needs could not be met fully, let alone the 
future rei^ uirements which are bound to increase at a rapid 
pace. The situation has improved considerably with the 
commissioning of Chenani Hydel Project (State owned) and 
Galal Hydroelectric Project (Centre owned). The Chenani 
Hydel Project has put not only Udhampur but the whole Jammu 
province on the hydel power map of the country as previously 
there was no Hydel Power Station of a capacity exceeding 
1000 KW in this province. 
CHENANI HYDROELECTRIC PROJECT 
The "Chenani Hydroelectric Project" is a run-of the 
river Scheme on Tawi River, a tributory of river Chenab, 
1. Singh, R.L., India-"A Regional Geography", p. 366. 
located near Udhampur m Jammu and Kashmir State. The 
project envisages the generation of Power of 25 MW (taking 
into account of 10% permanent overloadability of plant) at 
60% load factor for about nine months in a year and 
generation of 15 MW at 60% load factor for the remaining 3 
months when there is less discharge of water m the river . 
TlciQ installed capacity comprises 5 units of 5 MW each (4.66 
MW nominal rating +10% permanent overloadability). The first 
three units alongwith their auxiliary equipment and the 
entire equipment for the outdoor switchyard for ultimate 
generatioa capacity of 25 MW have been imported from Hungary 
by State Government. The additional 2 units of 5 MW each 
(4.66 MW nominal rating +10% permanent overloadability) have 
been manufactured and supplied by M/S Bharat Heavy 
Electricals Ltd. Haridwar, in collaboration with M/S GANZ, 
Budapest, Hungary who are the manufacturers and suppliers of 
the first three units . All the five units are identical. 
The first three units alongwith their auxiliaries and the 
entire equipment for the outdoor switchyard for the ultimate 
installed capacity of 25 MW were put into commission on 6th 
September 1971. The 4th unit was commissioned on 24th of May 
1975, and the 5th unit on 21st June 1975. The annual Power 
2. Project report of Chenani Hydel Project (Revised For 
Modernisation and Renovation and Stabilisation of Power 
House, 1989. 
3. Ibid p. 10. ,^'^'^^' ' ~ ^'^"^"^r 
^ ( ^ / ST 
.. / 
•^ ^ ^ / / 
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Generation of all the five units is 115.49 (MU). The total 
cost of the project both civil and electrical side comes to 
Rs.ll36.6G (Lakhs)"*. The Headworks of the Chenani Project 
has been constructed 6 KM upstream of Tawi River from 
Chenani town just upstream of the confluence of Nagulta 
Nallha with River Tawi having North latitude 33J^ -l'-0' and 
East longtitude 75^-20'-10". 
The water conductor system runs along the left bank of 
the river for a length of 12.5 miles and at its end, there 
is a Balancing Reservior with a capacity of 40 acre feet 
combined with the Forebay. The Power house site is located 
at North Latitude 32^-57'-30" and East longtitude 75^-10'-
55". The entire project lies on the left bank of Tawi River 
whereas the National Highway between Jaramu and Srinagar runs 
opposite to it along the right bank of the river from 
Udhampur to Chenani. The nearest rail-head during 
construction phase of the project was Pathankot which falls 
at a distance of 2 04 Kms. from Chenani town. 
The electrical energy generated at 6.6 KV, is led to 
6.6 KV switchgear and then in turn to two banks of 15 MVA 
each (comprising 3 single phase units of 5 MVA each 6.6/132 
- KV Power Transformer located in the switchyard by means of 
cables. The power at 132 KV is fed to single circuit 132 KV 
Transmission Line through minimum oil volume type 132 KV 
4. Op.cit. P.12. 
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circuit breakers^. It provided the much needed relief to 
ease the power position in the State as a whole (as Kashmir 
is being connected to Udhampur with a double circuit 132 KVA 
Transmission Line) and of Jammu province in particular with 
200 KVA Transmission Line from Udhampur to Jammu which has 
been laid upto the common Grid Station at Janipora Jammu. 
Salient Features of Chenani Hydel Project 
1. Installed Capacity 
2. Maximum Generation 
3. Average dependable 
discharge/available 
4. Year of Commissioning 
5. Maximum Gross Head 
6. Net Head 
HYDROLOGICAL DATA: 
DIVERSION WEIR: 
a) Location 
b) Type 
c) Total length 
25 MWs, Comprising of five 
units of 4.66 MW each with 
10% permanent over-
loadability. 
25 MW, at 60% L.F. for 
Summer, 15 MWs at 60% L.F. 
for winter. 
2 00 (Cusecs in Summer) 
100 (Cusecs in winter) 
1st 3-Units 6th, Sept., 1971. 
4th Units 24 May, 1975. 
5th Units 21st, June 1975. 
1233 ft. or 375.91 Mtrs. 
1200 ft. or365.85 Mtrs. 
About 6 Kmt. upstream of 
river Tawi from Chenani 
Town. 
Conventional type pickup 
weir. 
225 ft. across the River 
between Planks. 
5. Feasibility Project Report, 
1972. 
of Chenani Hydro Project P.20, 
^0 
2. S p i l l way 
3. HEAD REGULATOR 
Setting Tank 
WATER CONDUCTOR SYSTEM: 
a) Total length 
b) Open Channel 
(Total Length) 
Bottom width 
Top width 
Side slope 
Full Supply depth 
Free Board 
c) Covered Channel 
Total 
Size 
d) Tunnels 
e) Design Discharge 
Capacity 
7. BALANCING RESERVIOR 
a) Capacity 
b) Size 
c) Cummet 
Pond/Crest type. 
Head regulator having 2 bays 
of 10 ft. width each, over 
all length is 72 feet 
including sistern etc. 
350 X 50 feet plus 2 x 1.5 
feet, taping ends at inlet/ 
exit portion with steel 
gapes. 
18.3 7 (Revised length after 
commissioning of Tunnels). 
6.06 Km. 
5-Feet 
20 Feet 
1.25 feet 
4.12 feet 
1.88 
3.36 Kmt. 
7' X 8'-3" Upper sector. 
4-Nos. tunnels with internal 
dia 7' (With horse shoe 
shape) having total length 
8.95 Kmt. 
200 Cusecs 
40 Acre Feet. 
about 700 X 100 feet. 
625 X 9 X 3.5 feet connected 
with water conductor having 
18 feet francis type fail. 
SI 
d) Escape Gates 
e) Maximum water depth 
8. INTAKE STRUCTURE: 
a) Length 
b) width 
c) Butterfly valve 
9. P M STOCK 
a) No. of Penstock 
b) Main Features 
i. Total length in 
slope upto 
bifurcation 
ii. Thickness of Plate 
iii. Thickness of Plate 
Pipe diameters 
iv. No. of units feed 
10 
10 X 8 feet. 
10 feet 
85 feet 
13 to 18.5 feet 
21 X 5 X 36 X 12 feet 
2 Nos. 
PEN STOCK-I. PEN STOCK-II 
1034.45 mt. 1046.95 Mtres 
10mm to 32mm 10mm to 28ram 
- 2Nos. 
1.72 mtr to 1.22 mtr. to 
1.22 ,, 0.91 ,, 
V. Maximum design 
discharge 
3 Nos. 
160 Cusec. 
2 Nos. 
120 cusec, 
Power House 
1. Building 
2. TAIL RACK 
11. POWER HOUSE MACHINERY: 
1. Turbine 
170 X 55 Machine Hall with 
17.3 feet wide cable gallery 
and control room Black on 
North side 93 x 33 (double 
storey). 
Rectangular R.C.C. Sizes 215 
X 12 having Designed 
Discharge capacity 300 
cusec. 
Horizontal Shaft double jet 
palton Turbines of Garg 
(Hungarian) Make. 
2. No. of Units 
3. Rated output of each 
unit 
4. Rated head 
5. Rated discharge 
6. Rated Speed 
7. Run away speed 
8. Designed overload 
GENERATORS: 
1. No. of Units 
2. Rated output 
3. Voltage 
4. Speed 
5. Power Factor 
6. Frequency 
7. Permanent Overload-
ability 
8. Defacto rating 
(with 10% overload-
ability) 
5 Nos. 
655 OHP 
305.76 Mtrs. 
53.7 cusec and 60 cusec at 
1% overloadability. 
660 RRM. 
110 ORPM. 
10% * 
Three phase, Turbo like 
horizontal shaft Hydro 
alternator Gang (Hungarian) 
Make. 
5 Nos. 
583 KV 
6.6 KV. 
600 RPM 
0.8 
50 C.F.S. 
10% 
5833 X 1.8 6416 KVA or 5.10 
MW at 0.6 PF. 
OUTDOOR SWITCHYARD EQUIPMENT: 
1. Step up transformers 7 Nos. single phase 
transformer consisting of 2 
Nos. Three phase bank with 1 
No. as spare. 
S3 
i. Name of Manufacture Gange Budapest (Hungary) 
ii. Normal continuous 5 Nos. 
rating of each unit 
(single phase) 
iii. Ratio of each unit 
iv. Capacity of each 
bank 
V. Total installed 
capacity 
vi. Connections 
6.6 132 KV 
15 MVA 
30 MVA 
6.6 KV, sides Delta, 132 KV, 
Sides STA R(With neutral 
grounded-Solidly earth) 
vii. Vector group Dy. 
2. Ill KV^ O.C.B.S. 
i. Name of manufacture Gang Budapest (Hungary) 
ii. Type 
iii. No. of OCBs. 
iv. Rated current 
V. Breaking capacity 
at 132-KV 
vi. Making Capacity 
vii. Type of Communica-
tion 
Minimum oil volume 
4 Nos. 
800-Amps (continuous] 
300 MVA 
34 Kilo Amps. Peak. 
P.L.C.C. & P & T. 
132 KV, outdoor transformers, potential transformers. 
Isolators and lightning arrestors and also of Gang Make 
having, matching, rating and insulations levels for the 
above requirements . 
6. Project Report, Estimate and Drawings of Chenani Power 
House, 1976. 
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MANAGEMENT PATTERN 
Figure B clearly indicates the hierarchical level of 
the chenani power house. Table 19 shows the existing 
manpower in the power house. The Power House is headed by 
an Executive Engineer, who is assisted by two Assistant 
Executive Engineers; one from electrical group and other 
from civil group. Under Assistant Executive Engineer 
(electrical) there is one Assistant Engineer (Elecrical). 
There are 19 Junior Engineers and one Draftsman, 20 Foremen, 
10 Switchboard attendant, 5 telephone operators, 20 
technicians, 20 electricians, all under the control of 
Assistant Engineer (Electrical). Under Assistant Engineer 
(Civil) there are Junior Engineers (Civil) for his 
assistance. In the office there is one Assistant Accounts 
Officer, one Head Clerk and 10 clerks. 
The residential accommodation in Power House colony is 
not sufficient to accommodate the shift duty staff, and 
therefore, the staff members have to make their own 
arrangements and most of the employees reside in Udhampur 
which is 8 kmt. away from the power house and there is no 
regular bus service between the two places. For the facility 
of shift staff Mini Bus is essential which may be used for 
transporting the shift staff from Power House to Udhampur 
and vice-versa. 
8 j 
FIGURK B 
ORGANISATION CHART OF CHENANI HYDROELECTRIC PROJECT 
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GENERATION 
The yearwise generation of power of Chenani 
Hydroelectric Project since its commissioning is presented 
in Table 20. In 1971-72 only three units were commissioned 
and the energy generation was 150.43 (LU) . In 1974-75 two 
more units were commissioned and the generation increased to 
858.11 (LU). In 1980-81, the generation further increased to 
1038.40 (LU). After that it shows topsy-turvey from year to 
year and in 1993-94 it reached to 929.96 (LU). The yearwise 
generation figures in the foregoing para indicated wide 
variation in generation. These variations are due to either 
disability/outage of waterconductor or Power House 
Machinary. The variation in generation are also due to the 
following reasons : -
The machinery is in use right from early seventies, it 
has shown great wear and tear in vital mechanical parts 
namely: 
(a) Runners (b) oil cooler and Air coolers: 
The lubrication oil coolers of all the machines 
have outlived their terms. Similarly air coolers 
of all the machines have also outlived their 
terms. They need to be replaced as well as 
modernised. 
(c) Governors: The governors have also been giving 
frequent trouble due to their continuous operation 
TABLE-2 0 
GENERATION OF CHENANI HYDROELECTRIC PROJECT 
FROM 1 9 7 1 - 7 2 TO 1 9 9 3 - 9 4 
( I n L . U n i t s ; 
S .No . Y e a r G e n e r a t i o n 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
Source: By the courtsy of Executive Engineer, Generation 
Division, Udhampur (J & K) 
1971-72 
1972-73 
1973-74 
1974-75 
1975-76 
1976-77 
1977-78 
1978-79 
1979-80 
1980-81 
1981-82 
1982-83 
1983-84 
1984-85 
1985-86 
1986-87 
1987-88 
1988-89 
1989-9.0 
1990-91 
1991-92 
1992-93 
1993-94 
I,II,III (units) 
--- do ---
--- do ---
(all the five units) 
--- do ---
--- do ---
--- do ---
--- do ---
--- do ---
--- do ---
--- do ---
--- do ---
--- do ---
--- do ---
--- do ---
--- do ---
--- do ---
--- do ---
--- do ---
--- do ---
--- do ---
--- do ---
--- do ---
150.43 
566.53 
481.18 
858.11 
474.38 
447.95 
519.39 
640.92 
698.45 
1038.40 
809.16 
1027.60 
874.71 
1050.41 
827.43 
1130.70 
968.70 
513.39 
849.40 
1179.94 
865.03 
935.75 
929.96 
S j 
since commissioning So all the five governors 
need to be renovated and modernised 
(d) 6.6 KV Generator Circuit Breakers: with the 
constant use of Generator circuit Breakers since 
the time of commissioning of Power House, all the 
6.6 KV breakers have outlived their terms and 
practically/technically are unserviceable. Minimum 
number of breakers have been maintained so as to 
maintain the generation of the Power House, they 
require immediate replacement by the indigenous 
breakers, namely, VCBS/SF-6. 
(e) Turbine Side and Exciter Side Bearings: There are 
five units m generation and no spare bearing is 
available. In case of damage to any of the bearing 
the machines have to be closed for long times (may 
be two years) till the bearing is procure and 
refitted. In the past the machines have remained 
out of commission for long on account of damage to 
the bearings. To avoid such a contingency a 
provision for spare bearings should be kept. 
(f) Spherical value and its pressure oil plants: 
Besides the parts and accessories required for 
their renovation, there is necessity of one 
complete spherical valve unit for the following 
reasons : (1) the affected machine has to remain 
'Jfl 
closed till its spherical valve is repaired and 
refitted (ii) For both the dismantling and 
refitting operation Penstock has to be drained 
which affects machines. In view of the same, 
Penstock is required to be drained twice for 
repairs. 
The variation in generation also effects the cost per 
unit of power. In 1983-84, the total generation of the year 
was 874.7 (LU) and the cost per unit of power was 11.78 
(Paisa) as shown in Table 21. In the 1984-85 the total 
generation of the year increased from 874.7 (LU) to 1050.41 
(LU) and the cost per unit of power decreased fromll.78 
(Paisa) to 8.95 (Paisa) . In 1988-89 the total generation of 
the year was 513.3 9 (LU) and the cost per unit of power was 
22.17 (Paisa) while as in 1992-93, the total power 
generation of the year increased but owing to increased 
interest rate from 4.5% to 8% on capital rasied, the cost 
per unit of power reached 26.26 (Paisa). So the average 
annual generation and average annual cost per unit of power 
from 1983-84 to 1992-93 is 919.51 (LU) and 14.45 (Paisa), 
while the required annual generation is 115.49 (Million 
Units) . 
Figure C reveals that in 1971-72,1972-73 and 1973-74 
when only three units were operating with the plant load 
factor of 11.46%, 43.11% and 36.41% respectively. In 1974-
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75, the plant load factor improved to 39.11% when all the 
five units were operating. From 1971-72 to 1993-94 only two 
times plant load factor crossed over 50% (i.e. 1986-87 and 
1990-91). In 1993-94 the plant load factor reached to 
42.46%, the average plant load factor being 39.94%. Thus in 
view of very low average plant load factor it can be said 
that the performance of Chenani Hydroelectric Project is 
quite unsatisfactory. 
(I,: [i 
SALAL HYDROELECTRIC PROJECT 
The Salal Hydroelectric Project Stage-I and Stage-II 
with an installed capacity of 690 MW (6 x 115) has been 
exploited of Hydel potential of river Chenab which 
originates in Himachal Pradesh and passes through Jainmu and 
Kashmir State before entering Pakistan. The great Himalayan 
and Pir Panjal ranges enclose the water shed of the river. 
It drains a catchment area of about 21497 Sq. Km. upto the 
dam site. The snow-fed river and its tributaries have a 
copious discharge throughout the year. Dependable flow of 
the river and its steep bed slopes in mountainous reaches 
with series of loops and bends make this river one of the 
biggest sources of hydel power in Northern India"^. The 
country wide hydro-electric survey conducted by the power 
wing places the economically exploitable power potential of 
u^endiD basis at 5500 MW°. Salal Project while being last m 
the geographical sequence is the first to have been taken 
up. Salal Project among various schemes envisaged for 
exploiting the vast hydro potential was taken up in two 
stages, Stage-I was commissioned in Nov. 1987, with an 
installed capacity of 345 MW (3 x 115) , Stage-II also 
comprises three units each with an installed capacity of 115 
MW. Out of the three units only two units have been 
7. Project Report of Salal Hydroelectric Project, 1980. 
p.2. 
8. Ibid. p.3. 
commissioned in June, 1993 and May 1994 respectively. The 
third unit is likely to be commissioned in April 1995 after 
which the total installed capacity of this project will 
become 690 MW (6 x 115). 
History: 
The proposal to harness the river Chenab dates back to 
1927 when the then Ruler of the Princely State of Jammu and 
Kashmir, His Highness Maharaja Hari Singh appointed a 
British firm M/s Crowly and Partners, London, for conducting 
a detailed investigation and making a feasibility report for 
a hydroelectric project in proximity to the present site. 
Dr. JB Auden from Geological Survey of India who visited 
this area in early forties also suggested a Power Project 
near village Dhyangarh. Later on in 1957 a German firm M/s 
Associated Banihal Tunnel gave a similar report for making a 
diversion dam at 'Aas' near Salal village upstream of 
Dhyangarh. The scheme of a dam at Dhyangarh was finally 
cleared by Govt, of India in the year 1963 and the work of 
Q 
the preliminaries of the project started m 1970 . 
Location 
The main work of Salal Project is located in and around 
Dhyangarh. which is 21 KM away from Reasi town in Udhampur 
district of Jammu and Kashmir State. One has to travel about 
3 0 KM on Jammu-Srinagar National Highway No. 1-A and then 
9. Project Report (Electrical and Mechanical) of Salal 
Hydroelectric Project 1970. p.3. 
!1B 
drive on Domel Katra Reasi road to reach Jyotipuram town 
which is the headquarter of the project. 
The work on the Project was started in 1970 and was 
entrusted to the Central Hydroelectric Projects Control 
Board for execution in the Central Sector. Originally the 
Project was designed to have a capacity of 270 MW in the 
first stage. The scope of the Project was, however, 
increased to 345 MW in the first stage during 1971, with a 
provision for further expansion to 690 MW in the second 
stage. The change in the capacity necessitated changes in 
the design and shifting of the Power House from the left 
bank to the right bank of the river and by depressing its 
level by about 2 7 meters below the river bed for obtaining 
additional head of about 13 meters for the generation of 
Power. It also involved construction of a 2.5 Km. long, 11-
meter diameter underground Tailrace Tunnel to discharge 
tailrace water back into the Chenab river^. 
In May 1978, Salal Project was handed over to the 
National Hydroelectric Power Corporation for execution on 
agency basis. 
The first stage development of the Project comprised 
construction of a 118-meter high, 630-meter long, Rockfill 
Dam across the river. A concrete Dam, 113 metres high and 
10. National Hydroelectric Power Corporation Limited. 
Salal Hydroelectric Project (Stage-I) (A Dream 
fulfilled) p.2. 
!J7 
450 metres long is founded on a rock pedestal with a radial 
gate controlled spillway, six Penstocks of 5.23 m dia 
including three for stage-II development, leading to the 
semi-underground Power House of 345 MW installed capacity, 
and finally a Tailrace Tunnel 2.5 Kms. long and 11 meters in 
dia. (Figure D) . In the second Stage, three more units and 
the second Tailrace Tunnel had to be added to double the 
installed capacity to 690 MW"^ -^ . 
The Project is one of those Hydroelectric schemes that 
have generated immense hope .for augmenting the Power 
situation of the country. Execution of the Project has 
surmounted numerous problems and bottlenecks. The work areas 
for constructrion facilties were limited when compared with 
the magnitude of work involved. Major difficulties however, 
were posed by numerous unforeseen Geo-technical exigencies 
that hindered the first Project on the Chenab in the young 
Himalayas. Such problems, by and large, plagued each major 
component of the Project . 
The natural rock pedestal, on which the concrete Dam is 
perched, is intersected and dissected by multiplaner 
adversely oriented shear zones and seams. At the same time, 
the shear zones and seams with their multiplaner orientation 
threatened the safety of the dam-^ -^ . 
11. Op.cit. p.10 
12. Ibid. 
13. Ibid. 
US 
FIGURE D 
SAIAL HYDROELECTRIC PROJECT (J&K) - 6 x 115 MW M.W. 
OtNeHALlAYOJT 
H'i 
The tailrace tunnel passes through numerous shear zones 
that are connected to underground water reservoirs. This 
resulted in profuse ingress of water and erosion during 
tunnelling and led to formation of cavities and deformation 
of tunnel supports. 
The Rockfill Dam had to be lodged on a number of Shear 
Zones and Shear Seams. Its left abutment, being extremely 
steep, had to be adequately treated to develop a sound 
interface. All these problems posed a challenge to human 
ingenuity, and with the pooled efforts of the central water 
commission, Central Electricity Authority, and other 
Organisations of the country, satisfactory solutions were 
found and the Project was successfully commissioned. The 
greatest feat in the successful commissioning is that the 
Salal Project has been planned, engineered and constructed 
with cent-percent indigenous technology and know-how, with a 
total cost of Stage-I (including interest on capital) 
Rs.66017.27 (Lakh) and 5tage-II 4900 (Lakh). Salal Stage-II 
was basically an exention of Salal Stage-I which is designed 
to utilize the surplus water available during April to 
September to generate 1063 MU of energy annually. 
Concrete Dam 
A 113 m high, 450 m long concrete Dam is perched atop 
the Dhyangarh ridge with a radial gate controlled spillway 
for discharging 22,500 cumecs of flood flows and provided 
JIM) 
with six Penstock intakes. The dam comprises of 26 blocks, 
out of which 12 are spillway blocks, 6 power dam blocks and 
the remaining 8 are non overflow blocks. Construction of the 
dam involved 22.0 Lakh Cu.m. of rock excavation and 15.0 
Lakh Cu.m. of concrete placement. 3.67 Lakh tonnes of cement 
and 16,000 tonnes of steel were required for dam 
construction. Six under shrice gates with hydraulic hoists 
have been provided in the body of dam-*-"*. 
For foundation treatment and monitoring the health of 
the dam, a drainage gallery has been constructed in the rock 
pedestal below the dam foundation in addition to a 
foundation gallery in the body of the dam. Treatment of the 
dam foundation involved 2.7 Lakhs RM of drilling and 
grouting-^  . 
Rockfill Dam: 
The 118 m high, 630 m long and about 500 m wide 
Rockfill Dam involved a total placement of 80.0 Lakh Cu.m. 
of material comprising 60.0 Lakhs Cu. m. of shell material, 
8.0 Lakhs Cu. m. of filter and about 12.0 Lakhs Cu.m. of 
clay core. The Rockfill Dam was constructed departmentally. 
About 250 different kinds of heavy earth moving equipment, 
operated by about 2000 skilled workmen, were deployed on 
this major work °. 
14. op.cit. p.4. 
15. Ibid. 
16. Ibid. 
10] 
Penstocks: 
Six Penstocks, about 250 m long and 5.23 m dia each, 
were fabricated from Boiler quality plates. Part length of 
the Penstocks has been laid along the dam slope, a part in 
the river bed and a part through a tunnel in the Power House 
protection wall. The penstock in the river bed have been 
encased in concrete and covered by a rockfill. Each Penstock 
is designed to carry 138 cumecs of water. 
To protect the Penstock against river flow and floods 
and to retain the fill over the Penstocks, a secondary 
concrete Dam, 50 m high, has been constructed across the 
river. The Penstocks civil works, including construction of 
dam, involved excavation of 4.0 Lakhs Cu.m. and concrete 
placement of 2 .0 Lakhs Cu.m.-'-'^ . 
Power House: 
The Power House structure (Figure D), 160 m long and 90 
m wide, is located 27 m below the river bed level. The 
construction of this Power House involved an excavation of 
170.0 Lakh Cu.m. and high grade concrete placement of 3.0 
Lakh Cu.m. The Power House is sheltered from the river flow 
and floods by a 40 m high reinforced concrete wall around 
it. 
Generating Plant: 
The Generating Plant for the Project consisting of 3 
17. Op.cit. P. 4 
JO.J 
units of 115 MW each (Stage-I) , was supplied by M/s Bharat 
Heavy Electricals Limited, Haridwar-^ .^ 
The installation of generating units at Salal becomes 
remarkable as NHPC has for the first time erected a 
generating plant of such size and capacity departmentally. 
Tailrace Tunnel: 
To avail of additional head for power generation, a 2.5 
km long, 11 m dia. horse shoe-shaped Tailrace Tunnel passing 
under the mountains has been constructed. The maximum rock 
cover over the tunnel is 600 m. 
The tunnel is connected to the main river 5 Kms. 
downstream of the Power House, by river joining works 
comprising a cut and cover conduit and an open channel. The 
tunnel involved mining of 3.45 Lakh Cu.m. of l;iighly jointed 
and sheared dolomite rock, about 6000 MT of StrTjctural Steel 
for supports and 1.14 Lakh Cu.m. of concrete for lining .^ 
The tunnel intercepts a number of Shear Zones connected 
to perched underground water reservoirs, resulting in 
artisan conditions, free flow of water associated with 
movement of material, formation of cavities and deformation 
of tunnel supports during tunnelling . 
Diversion Tvinnel: 
For construction of the dam, the mighty Chenab was 
18. op. cit. p. 
19. Ibid. 
20. Ibid. 
10 1 
diverted through a 9.14 m dia, 184 m long diversion tunnel 
with a central gate chamber operated from cavern located in 
the body of the left abutment. The diversion tunnel is now 
permanently plugged. 
Transmission: 
The power generated at Salal project is being evacuated 
to the Northern Grid through a network of five 22 0 KV 
transmission lines namely: 53 Km Dasuyasarna; 92Km Sarna-
Jammu; 124 Km. Sarna-Salal-Udhampur, 56 km salal-Jammu and 
83 km. Salal-udhampur via. Kishenpur^ -"-. 
Share Allocation 
The Northern Regional Electricity Board, Delhi 
representing Central Electricity Authority, is the Supreme 
Authority as far power projects in India are concerned, it 
controls, monitors, allocation and distribution of power to 
various beneficiaries. 
Share of the Power from Salal Stage-I 
States Share 
1. Jammu and Kashmir = 35 percent 
2. Haryana = 20 , , 
3. Punjab = 32.5 ,, 
4. Delhi = 12.5 ,, 
In addition to the above States, other States like 
U.P., Raj as than, H.P. and Chandigarh will get the share of 
power from Salal Stage-II. 
21. Op.cit. P. 9 
Manpower 
During the peak construction stage of Salal Project, 
about 12,000 persons including those of the Contractors 
worked round the clock to complete the project; N.H.P.C. 
employed 1,350 Executives and Non-Executives on a regular 
basis and 4,650 workmen on workcharged basis directly . The 
Salal Stage-II has the following components. 
1. Power House. 
2. Tail Race Tunnel 
3. Transmission Lines 
4. Switch Yard. 
With the installation of three additional units for 
Salal Stage-II, Power out-put of Stage-I have been greatly 
augmented. In addition there was optimum utilisation of the 
organisational set up and the infrastructure created for the 
execution of Stage-I works. Manpower and machinery which was 
deployed for the construction of Stage-I works have been 
gainfully put to use for the Stage-II works. 
Some of the Stage-II works listed hereunder were taken 
and completed alongwith Stage-I works: 
(i) Fabrication, erection and laying of Stage-II 
Peastocks number 4, 5 and 6. 
(ii) Substructure/Protection wall for the Power House 
Stage-II. 
22. Op.cit. P. 13. 
1 0 '•') 
(iii) 14 m heading from exit side and 92 m heading from 
inlet side of the Tailrace Tunnel-11^-^. 
The works of transmission lines stands transferred to 
Power Grid Corporation of India Limited. 
Power House .-
The extension of Power House above EL 408.50 m was 
awarded to M/s NPCC at a total cost of Rs. 2.79 crores^ '*. 
Tailrace ':ruimel: 
Tailrace Tunnel of 11 m finished dia horse shoe shape 
2.27 m long has been divided into two parts, one of 1527 m 
length from inlet side awarded to M/s NPCC and another of 
1000 m from outlet side was awarded to M/s KCT in January, 
1990^^. 
Construction Status of the Project 
The first unit of Stage-II was commissioned on 25th 
June, 1S93, and second unit was commissioned on 20th May, 
1994. Regular generation from these two units have since 
started, the erection works of generating plant and 
equipment for unit third was also taken up 
departmentally . Now the present capacity of all the 
commissioned (five units) is 575 MW (5 x 115). 
23. Project Report of Salal Hydroelectric Project (Stage-II) 
1989. p. 4. 
24. Ibid. p. 5. 
25. Ibid. p. 6. 
26. Ibid. p. 7. 
Management Pattern: 1 0 •') 
Figure E indicates the hierarchical level of the Salal 
Hydroelectric Project and table 22 shows the existing 
manpower in the project. In Salal Stage-I there are 106 
Regular Executive Employees, 455 Non-Executive and 2638 work 
charged employees, while in Stage-II there are 26 Executive 
Employees, 35 non executive and 554 work charged employees. 
So the total strength of employees in the Stage I and II is 
3,199 and 615 respectively. 
TABLE-22 
EXISTING MANPOWER IN SALAL HYDROELECTRIC PROJECT 
No. of Regular Non Total 
Executive Executive 
Employees 
Work charged Grand 
Employees Total 
Salal 
Stage-I 106 455 561 2638 3199 
Salal 
Stage-II 26 35 61 554 615 
Source: By the courtsy of General Manager, Salal Hydro 
Electric Project Jyotipuram (J & K) 
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Generation 
Figure F clearly explores the yearly energy generation 
variations of all the five units of Salal Hydroelectric 
Project. When we minutely observed the Figure F we found 
that only three units were commissioned during 1987 to 1992, 
but from 1993 fourth unit was commissioned as well. In 1994 
fifth unit was operated. It is clear from the Graph that 
three units were commissioned in the last two months of the 
year 1987, unit I generated 806.13 (LU) energy and in the 
same year unit II and unit III generated energy as 675.00 
(LU) and 183.32 (LU) respectively. This is the production of 
energy of only two months, i.e. November to December. When 
we go through the diagram of 1988 of these three units we 
find that unit I, II and III generated the energy 7628.36 
(LU) , 6058.5 (LU) and 7149.914 (LU) respectively. 
By the investigation it is explored that the target of 
energy generation of these three units during 1987-88 was 
464 (MU) . It is interesting to note that these units 
achieved the energy generation beyond the target presented 
in (Table 23) . In the same manner, the Fig. F reveals the 
energy generation of all these three units from 1989 to 
1992. Their energy generation than the target level achieved 
2099 (MU). 
In 1993, the fourth unit was commissioned in the month 
of June. In 1993-94, the target level of the Project was 23 
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(MU) to produce the energy, but unfortunately the project 
failed to do so. Table 23 shows that the project achieved 
only 1960 (MU) energy. Thus at the very outset, it so 
happened that the Project could not reach its target level. 
Figure F indicates the topsy-turvey of the energy 
generation of all the five units. Apart from commissioning 
the fifth unit the project fails to achieve its target 
level. The reasons of the failure were explored. It is 
revealed thereby that in 1994 heavy flood affected the 
generation of the power. The fifth unit was commissioned in 
the month of June 1994, but due to flood in the same month 
unit III was unable to operate and the Project authorities 
closed the unit. In the month of July 1994 fifth unit was 
closed and in the month of August and September 1994 unit IV 
was also closed. One thing to be pointed out over here is 
that when one unit is closed the other unit operats, and in 
the same way each unit was closed only for one month except 
the unit IV which was closed for two months, owing to 
recurring floods. The yearwise variation in generation is 
also due to the problem of siltation, which is commonly 
faced by Hydro electric projects. Excessive silt in river 
discharge affects under-water parts like turbine blads, 
guide vanes etc. causing pitting ated cavitation and 
arotion. Also the cooling system which utilises river water 
gets choaked and eroded. Every year all the machines are 
Ill 
TABLE-23 
ENERGY (SENERATION TARGET OF SALAL HYDROELECTRIC PROJECT 
FROM 1987 TO 1994 (IN MO) 
S.No. Year Target Total Target Achieved 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
1987-88 
1988-89 
1989-90 
1990-91 
1991-92 
1992-93 
1993-94 
464 
2038 
2068 
2068 
2038 
2038 
2300 
528 
2148 
2322 
2388 
2196 
2099 
1960 
Source: By the courtsy of General Manager, Salal 
Hydroelectric Project, Jyotipuram (J & K). 
TABLE-24 
COST OF GENERATION PER UNIT 
AT 
s.^ 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
BUS 
Jo. 
BARS OF SALAL 
Year 
1987-88 
1988-89 
1989-90 
1990-91 
1991-92 
1992-93 
1993-94 
HYDROELECTRIC 
Stage I 
45.48 (Pa 
per 
45.48 (,, 
43.00 (,, 
44.15 (,, 
49.34 (,, 
54.60 {,, 
56.93 
PROJECT (In Paisa) 
Selling Price 
Stage II 
isa 
unit) 
/ / / 
/ / / 
/ / / 
II 1 
II 1 
73.43 (Paisa, 
per unit) 
Source: By the courtsy of General Manager, Salal 
Hydroelectric Project, Jyotipuram (J & K) 
m 
brought uader repair like welding, pitting, gridding to fill 
up cavitation and fitting in underwater parts. 
The variation in Generation also effects the cost per 
unit of Power. In 1987-88, the cost per unit of power was 
45.48 (Paisa) as shown in table 24. In 1990-91, the cost per 
unit decreased and reached 44.15 (Paisa) because of the 
increasing generation. In 1993-94, the cost per unit again 
increased and reached 56.93 (Paisa) of Stage-I and 73.43 
(Paisa) of Stage-II, because in the same year the generation 
was decreased, the other things also effected the cost per 
unit like interest on capital, depreciation etc, but main 
variation occurs due to upswing or downswing in power 
generation. So higher the generation, lower the cost per 
unit and lower the generation, higher the cost per unit. 
From the foregoing discussion it can be concluded that 
after the installation of Salal Hydroelectric Project the 
power position in Jammu region has considerably improved but 
due to the non-availability of 220 KV transmission line 
between Jammu region and the valley the supply of power from 
Salal project to Kashmir valley has not been possible. Hence 
the valley is largely dependent on the supply of power from 
the power projects which are situated in that region, and on 
the limited supply from Jammu and neighbouring States 
through existing 132 KV transmission line. The detailed 
study of the power projects in Kashmir region, their 
"mn p i T ^ yM^FTsf 11 ^ ! W 
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CHAPTER :: IV 
POWER PROJECTS IN KASHMIR REGION 
The Kashmir region is linked to the neighbouring States 
of Punjab, and H.P. through the Jammu region and 
consequently to the rest of the country. The valley is 
separated from the Jammu region by the 10,000 ft. high Pir 
Panchal range which remains snow-bound for a large part of 
the year. However, there is a 3 Km Tunnel (Jawahar Tunnel) 
connecting^  the Jammu region with Kashmir region. The Tunnel 
is at an altitude of 7,500 ft. at Pir Panchal Pass. The 
Kashmir valley comprises the Anantnag, Baramulla, Badgam, 
Pulwama, Kupwara and Srinagar Districts. The valley has an 
area of 15,120,30 Sq. kms, which is 6.80 per cent of the 
total area of the State . 
Over 60 per cent of the total population of the State 
lives in the Kashmir valley. Due to this fact, coupled with 
extremely cold climate experienced in winter, the valley 
accounts for about two-third of the total power demand of 
the State. The local resources of power existing in the 
valley are four small/medium hydel stations, which are all 
of the "run-of the river" type. 
The Mohra Hydel Project is one of the earliest Power 
Generating Projects in the country. The project was 
1. Singh, R.L., "India a Regional Geography", p. 366. 
l l . J 
commissioned in 1907-1908 with an installed capacity of 0.4 
MW. The machinery of the Project which had become obsolete 
and out-dated was replaced and the Power House renovated 
and modernised in 1962 with the capacity of 9 MW. But the 
modernisation could not help for long and the generation 
stopped in the year 1991. Since then this Project is not in 
operation. However, at present the following power projects 
are operational in the valley. 
1. Ganderbal Hydel Power Station. 
2. Upper Sindh Hydel Project Stage-I. 
3. Lower Jhelum Hydel Project. 
Besides there is one more power station based on Gas 
turbine. 
I. Ganderbal Hydel Power Station: 
Ganderbal Hydel Power Station which is a State owned 
project has an installed capacity of 15 MW and is run 
through the water of river Sindh. This is situated about 25 
Kms from Srinagar on the Srinagar-Leh National Highway. This 
multipurpose Project was started in 1948, and completed in 
1955. The Sindh river has been stopped at the convex bend at 
Preng, 15 Kms. upstream of Ganderbal, and the Power Channel 
detours a length of nearly 16 Kms., making head of 137 
meters available at the Power House. A balancing reservior 
has been provided 3.2 Kms. upstream of Forebay tank to store 
water at low loads and meet the peak demand on the Station, 
IIG 
especially during the lean discharge period of the year. 
Four horizontal machines with Francis turnibes as Prime 
Movers are installed m this Station . 
The project being multipurpose, includes irrigation as 
well as water supply schemes. Out of 475 cusecs which is the 
designed capacity of the Power Canal about 113 cusecs of 
water is meant to irrigate 2500 acres of land, having a few 
outlets a]1 along the water conductor and a major outlet at 
Forebay. Eiesides, irrigation, 22 cusecs of water is supplied 
for supplementing the drinking water supply at Alusting (17 
cusecs) and at Harwan (5 cusecs). The balance of 340 cusecs 
are available for power generation during the summer 
3 
including water losses enroute of the water conductor . 
Two machines, each of 3 MW capacity supplied by M/s 
Metropolitan Vickers England (with turbine of M/s 
s^chei'-Tiys) were comissioned in the year 1955 . Both these 
machines are fed by a common Penstock having diameter with a 
bifuraction after the lowest bend, to feed the two machines 
through their respective sluice valves. These machines have 
mechanical Governors for the Guide apparatus and each has 
one thrust bearing, one draft tube side bearing and a 
generator bearing. For excitation of field winding a self 
excited excitor has been used. A pendulum generator mounted 
2. Feasibility Project Report of Ganderbal Power Station. 
p. 15., 1950. 
3. Ibid. 
4. Ibid. 
IJV 
on the comTion shaft feeds the Governor pendulum motor . 
The other large machines (No. 3, 4 & 5) of 3 MW 
capacity each spplied by M/s Ganz Hungary, were commissioned 
in 1961^. These machines are also fed by one Penstock having 
diameter with a bifurcation feeding the two machines through 
their respective sphererical valves. These machines have two 
generator bearings and one thrust bearing, all forced oil 
cooled. For this purpose there are separate bearing 
lubrication units, in addition to pressure plants two with 
each machine, for operation of their mechanical governors 
and spherical valves respectively. To supply pressurised air 
to these pressure plants, one H.P. compressor suitable for 
building upto 30 Kgs./cm. sq. has been installed. A separate 
compressor is also provided . These machines have, for 
purposes of excitation main excitor, excited by a self 
excited pilot excitor which also has a roller bearing for 
Its smooth operation. The pendulum generator mounted on the 
shaft feeds the pendulum motor of the Governor. All these 
four machines have been operating under abnormal conditions 
of voltage and frequency, especially, a few years before the 
commissioning of the upper Sindh Hydel Project, in December 
- 1973. The smaller machines have been running for more than 
thirty-five years now and naturally it is only with 
5. Revised Project Report of Ganderbal Power Station, p.10,1980 
6. Ibid. 
7. Ibid. 
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scrupulous maintenance, timely repairs and overhauling, that 
they do still run most of the time . The maximum wear and 
tear on these machines over the years, has occurred on their 
bearings, Cast Steel Sealing rings, guide vanes, labtrinth 
rings, and cover protection plates and seats of the main 
sluice valves and their by-pass valves. Besides these, the 
normal replacement of other worn out parts like rubber 
seals, carbon seal rings, excitor carbon brushes etc., has 
also been a continuous process. However, when the spares 
supplied with the original order exhausted, and an era of 
Q 
mdigenisation set-m from the year 1974-75 . To save 
valuable foreign exchange, most of the parts are being 
manufactured here with different metallurgy which, despite 
their inadequacies and limitations in comparison to imported 
spares, sustain the power generation to the optimal level, 
especially, when the valley faces acute power famines. 
The two larger machines which have been running for 
over thirty years besides normal maintenance/replacement, 
the stainless steel stationery labyrinth (of pressure side) 
and two stainless moving labyrinths (U & T Rings) mounted on 
the two sides of the runner, have been replaced by Mild 
Steel ones (manufactured-here) a number of times . This is 
besides the repair and also complete manufacture of end 
8. Revised Project Report, p. 20 op. cit. 
9. Ibid. 
10. Ibid. 
liners, done here for these machines. The runner repair and 
the filling of bearings of the smaller machines mentioned 
above is done in the same way. Additionally a very important 
item of the Ganz machine, the Bronze ring - a very expensive 
piece of turbine machinery was, successfully reclaimed here, 
to a functional level. Guide vane bushes and the spherical 
valve seats (made of GunMetal) were also manufactured here 
conforming exactly to the original specifications of the 
manufacturer. However, at present, a stage has reached where 
the machines are in an advanced stage of deterioation 
because of wear and tear over the years. At this stage only 
a major renovation work using spares to the exact 
specifications of the original manufacturer can salvage the 
machines . 
In the early Stages, the generating Station was 
envisaged to house 4 units of 3 MW capacity each, though the 
total capacity of one scheme was envisaged 15 MW to meet the 
future demand of power. The present installed capacity of 
this Power Station is 15 MW though it is not capable of 
generating to that extent due to less discharge carrying 
capacity of the water conductor. Two units of 3 MW each 
(installed in the year 1955) and three units of 3 MW each 
(installed in the year 1961) stand already iastalled. Though 
the installed capacity is 15 MW but the average generating 
11. Revised Project Report op. cit. p.22. 
I.'i 
capacity is only 9 MW with maximum as 11.63 MW and minimum 
as 6.20 MW^2 _ 
1. 
2. 
3. 
4. 
Fiver 
Project Area 
Authority 
Location 
Salient Features of Ganderbal Hydel Power Station 
Sindh 
Sindh Valley, Srinagar District 
Jammu & Kashmir State. 
Power Development Corporation 
a) Head work at Prang - 35 Kms. from 
Srinagar. 
b) Power House at Ganderbal, 21 Kms. 
from Srinagar. 
15 MW 
9 MW 
70.0 (MU) 
I X II 6.6 KV 
III X IV 6.b KV 
1 Crore 
180 cm. 
324 cusec = 9.2 cumecs 
5. Installed 
capacity 
6. Present 
generating 
capacity 
7. Average 
Annual Energy 
Generation 
8. Voltage 
9. Total Cost of 
the Project 
10. Mean annual 
rainfall at 
Sonamarg 
11. Minimum 
discharge of 
river in 
winter 
12. Normal discharge 
during summer 
13. Transmission 
system 
5000 cusecs = 141.6 - cumecs. 
The Ganderbal Power Station is 
connected to Bamina Grid Station -
Srinagar (J & K) with 33 KV^^. 
12. Feasibility Project Report of Ganderbal Power Station, 
p. 18. 
13. Project Report of Ganderbal Power station, 1995. p.30 
Management Pattern 
Figure G reveals the hierarchical level of the 
Ganderbal Hydro Power Station. Table 25 explores the 
existing manpower in the Power House. There is one Executive 
Engineer, who is the Presiding authority of the Power House. 
Besides, there are three Assistant Executive Engineers, one 
from electrical group, one from civil group and one from 
mechaniccil group working under the Executive Engineer. Under 
Assistant Executive Engineers, there are 3 Assistant 
Engineers. Under an Assistant Engineer there are 13 Junior 
Engineers. The non- technical staff of the power station 
consists of one Assistant Accounts Officer, one head clerk 
and 20 clerks. So the total number of employees in the Power 
House add upto 250. 
Generaticjn; 
The yearly generation and Plant load factor are 
presented in Table 26. The unit I and II of (3 Mw each ) was 
commissioned on July 1955 and the generation during the 
year 1955-56 was 7635.671 (MWHRs) with the plant load factor 
of 19.63 per cent. In 1960-61, unit III , IV and V were also 
commissioned and the generation during the period was 
37156.710 (MWHRs) with the plant load factor of 28.27 per 
cent. Then the generation increased to 93587.400 (MWHRs) in 
1977-78 with the plant load factor of 70 per cent. In 1993-
94 it went down and reached to 37206.600 (MWHRs) with the 
I i(; i Ri (. ]Z.i 
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Asstt E\ecuti\e 
Engineer 
(Electrical) 
Asstt Engineer 
(Electrical) 
Junior Engineer 
(Electrical) 
Technicians 
POWER 1)EVKIX)I>MKNI CORPORA HON 
Excfii(i\T Fiigineer 
Asstt Executive 
Engineci 
(Civil) 
Asstt Engineer 
(Civil) 
Junior Engineer 
(Civif) 
Switch 
Board 
Attendent 
Asstt Executive 
Engineer 
(Mechanical) 
Asstt Engineer 
(Mechanical) 
Junior Engineer 
(Mechanical) 
Electri-
cians 
Turbine 
Drixer 
Asstt Accounts 
Officer 
Head Clerk 
Clerks 
Welder Toreman 
12.J 
TABLE - 25 
EXISTING MANPOWER IN GANDERBAL HYDEL POWER STATION 
S.No. Description Total nuinber of 
Employees 
1. Executive Engineer 1 
2. Assistant Executive Engineers 3 
3. Assistant Engineers 3 
4. Junior Engineer 13 
5. Foremen 15 
6. Switch Board Attendant 20 
7. Turbine Driver 20 
8. Welder 15 
9. Technicians 30 
10. Electricians 50 
Office 
11. Assistasnt Accounts Officer 1 
12. Head Clerk 1 
13. Clerks 20 
14. Unskilled labours 58 
Total 250 
Source: By the courtesy of Executive Engineer, Ganderbal 
Hydel Power Station. 
12 
TABLE - 26 
ENE]^ GY GENERATION OF GANDERBAL HYDEL POWER STATION 
FROM 1 9 5 5 - 5 6 TO 1 9 9 3 - 9 4 
S.No. Year G e n e r a t i o n (MWHRs) P e r c e n t a g e of P l a n t 
l o a d f a c t o r 
19.63% 1. 
2. 
3. 
4. 
5. 
6. 
7 . 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
1955-56 
(July 1955 to 
March 1956) 
1956-57 
1957-58 
1958-59 
1959-60 
1960-61 
1961-62 
1962-63 
1963-64 
1964-65 
1965-66 
1996-67 
1967-68 
1968-69 
1969-70 
1970-71 
1971-72 
1972-73 
1973-74 
1974-75 
1975-76 
1976-77 
1977-78 
1978-79 
1979-80 
1980-81 
1981-82 
1982-83 
1983-84 
1984-85 
1985-86 
1986-87 
1987-88 
1988-89 
1989-90 
1990-91 
1991-92 
1992-93 
1993-94 
7635 
16709 
17363 
25032 
31561 
37156 
46500 
46245 
48739 
55996 
53530 
61460 
60706 
66475 
74834 
67873 
69138 
63087 
83787, 
63577 
75974, 
91347, 
93587. 
83377. 
81064. 
83856. 
80355. 
78477, 
72574. 
35827. 
64180. 
70990. 
84933. 
90841. 
83221. 
46326. 
49220. 
49978. 
37206. 
.671 
.485 
.120 
.975 
.583 
.710 
.000 
.300 
.850 
.795 
.025 
.000 
.800 
.100 
.600 
.800 
.600 
.700 
.200 
.400 
,500 
,800 
.400 
,600 
.400 
.500 
,500 
,650 
.000 
000 
,000 
000 
600 
900 
000 
900 
700 
700 
600 
31 
33 
47 
60 
28 
35 
35 
37 
42 
40 
46 
46 
50 
56 
51 
52 
70 
63 
48 
57 
69 
71, 
63. 
61. 
63, 
61. 
59. 
55. 
27, 
48, 
54, 
64, 
69. 
63. 
35. 
37. 
38. 
28. 
.79% 
.03% 
.62% 
.00% 
.27% 
.38% 
.19% 
.09% 
.61% 
.73% 
.77% 
.20% 
.58% 
.95% 
.85% 
.61% 
.84% 
.76% 
.38% 
.81% 
.51% 
.22% 
,45% 
,69% 
.81% 
,15% 
.72% 
.23% 
,26% 
,84% 
,02% 
,63% 
13% 
33% 
14% 
46% 
03% 
31% 
Source: 1. By the cour tesy of Chief Engineer , Power 
Development Corporation, Bemina, Srinagar . 
2. By the cour tesy of Execut ive Engineer, 
Ganderbal , Hydel Power S t a t i o n , S r inaga r . 
12 . ) 
plant load factor of 28.31 per cent. The cost per unit of 
power at Bus Bars of Ganderbal Power House was Rs. 0.24 
paisa/unit in 1993-94 as shown in table 27. 
The average Plant load factor of Ganderbal Power House is 
50.79 per cent, which is unsatisfactory performance because 
the Plant Load Factor at the time of commissioning was 90 
percent. Though the installed capacity is 15 MW, it is not 
capable of generating to its full installed capacity because 
enough v^ ater is not available. Following are the main 
reasons for less discharge available in the Canal for Power 
Generation. 
1. The Canal is mostly unlined except at certain 
vulnerable reaches. So there are lots of seepage losses 
in the Canal. 
2. The joint between the old and new masonry is not 
leakproof. Hence additional discharge can not be flown 
through the canal inspite of raising the parapets of 
the canal. 
3. Owing to faulty control on irrigation and other outlets 
of the canal, there is no proper regulation of the 
discharges for the designed demand of irrigation and 
water supply. 
4. Sinking in certain reaches of the canal has occurred 
resulting in the deterioration of the regime 
conditions of the flow in the canal. 
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5. Siltation has occurred in most of the reaches due to 
debries coming from the steep back cut. 
6. The silt objector provided on the canal near Headworks 
is defunct and does not cope up fully with the amount 
of silt that enters into the canal with the result that 
the balancing reservior gets silted up. The silt also 
gets accumulated along the bed of the canal and thus 
effects the discharge carrying capacity of the canal. 
The siltation problem further aggravates as there is no 
de-silting basin on the power canal. 
7. The weir constructed at the Headworks is not 
functioning properly as its crest and glacies are 
damaged, with the result that the regulation of water 
at Headworks is not being properly controlled. 
8. The condition of extension canal which takes off from 
Forebay is very bad and lot of water gets wasted which 
otherwise would have been available for power 
generation. 
UPPER SINDH HYDEL PROJECT STAGE z. I 
Sindh valley has been estimated to have a firm 
potential of 1/4 million kilo watts. Out of this potential 
only a fraction has been harnessed so far by construction of 
two Power Houses at Sumbal and Ganderbal with the capacity 
at peak generation being of the order of 22.5 MW and 15 MW 
respectively. The combined generation, therefore, amounts to 
about 37.5 MW. Since both of these stations are of "peak 
load" types, the power available is only about 17-18 MW. 
Utilisation of such a low percentage (6.8% approximately) of 
available hydel potential of the river appears to be far 
from encouraging, more so when the demand for power is ever 
14 increasing . 
The Upper Sindh Hydel Project Stage - I is located at 
Sumbal in District Srinagar, using water on Sindh Nallah, a 
tributory of River Jhelum, at an altitude of 7140 fts. above 
mean sea level. The scheme utilizes a fall of above 495 ft. 
at Sumbal where the Power House has been constructed at 37 
Km. off Srinagar-Leh Road and generates a peak power of 22 
MW^. River Sindh, a tributary of Jhelum, can be said to 
have its source near the Panjtarni glacier of vaojan range. 
After running through the northern watersheds of this range, 
the river enters into Sindh Valley at Baltal 97 Kms. (61 
Miles) off Srinagar-Leh Road. After Baltal, it takes a 
Western Course and flows down covering a distance of 64 Kms. 
(40 miles), before it joins the Jhelum near village 
Shadipora-'-^  . 
The water conductor which feeds the Power House is 
about 11.4 Kms. long from Headworks to Forebay including the 
cunneats through two balancing reserviors. The designed 
14. Feasibility Project Report op. cit., p.30. 
15. Project Report of Upper Sindh Hydel Project (Stage-I) 
p.10. 
16. Ibid. 
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discharge capacity of the canal is 425 cusecs between BR-I, 
BR-II and 700 cusecs between BR-II to Forebay the canal 
passes mostly in hilly terrain. 
The construction work of the project started in 1966-67 
and the project has been put into service in 1973 with the 
total cost of Rs. 15 crores"'-'^ . 
Two machines (unit I and unit II) each of 11 MW 
supplied by Bharat Heavy Electricals Limited, was 
commissioned in December 1973 and in July 1974 respectively. 
The capacity during summer and winter is 18 MW and 12 MW 
respectively, while the generation during summer and winter 
1 R 
IS 3.5 and 1.7 (LU) per day . The power of the project is 
distributed through 132 KV transmission lines to Bemina Grid 
Station, Srinagar. 
Management Pattern 
The hierarchical level of the Power Project is 
presented in Figure H. The Executive Engineer is the topmost 
authority of the Power House. Table 28 reveals the existing 
manpower in the Power House. Under The Executive Engineer, 
there are three Assistant Executive Engineers (electrical, 
civil and Mechanical) . Under an Assistant Executive 
Engineer, there are two Assistant Engineers (electrical and 
civil). Under an Assistant Engineer, there are ten Junior 
Engineers (eight from electrical group and two from civil 
17. Op.cit. P. 12 
18. Ibid. 
] . i ! | 
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ORGANISATION CHART OF UPPER SfNDH HYDEL PROJfX T STAGE -1 
Asstt Executive 
Engineer 
(Electrical) 
Asstt Engineer 
(Electrical) 
Junior Engineer 
(Electrical) 
Power Development Corporation 
Executive Engineer 
Asstt Executive 
Engineer 
(Civil) 
Asstt Engineer 
(Civil) 
Junior Engineer 
(Civ.1) 
Technicians Electricians 
Asstt Executive 
Engineer 
(Mechanical) 
Junior Engineer 
(Mechanical) 
Switch 
Board Attendent Foreman 
Asstt. Accounts 
Officer 
Head Clerk 
Clerks 
Turbine 
Driver 
]3( 
gi'oup) . In the administrative section, there is one 
Assistant Accounts Officer, One head clerk and 10 clerks 
working under him. Thus the total strength of employees in 
the Power House is 250. 
TABLE - 28 
EXISTING MANPOWER IN UPPER SINDH HYDEL PROJECT STAGE - I 
S.No. Description Total number of 
employees 
1. Executive Engineer 1 
2. Assis tant Executive Engineer 3 
(Civil, Elec t r ica l & Mechanical) 
3. Assistant Engineers 2 
(Electrical and Civil) 
4. Junior Engineers 10 
(Electrical and Civil) 
5. Senior Technicians 4 
6. Technicians 8 
7. Draftsmen (Civil) 1 
8. Technicians (Electricals) 25 
9. Switch Board Attendant 50 
10. Telephone Operator 4 
Office Staff 
11. 
12. 
13. 
14. 
Assistant Accounts Officer 
Head Clerk 
Clerks 
Unskilled labour 
1 
1 
10 
130 
Total 250 
Source By the courtesy of Executive Engineer, Upper Sindh 
Hydel Project STage - I Sumbal, Srinagar (J & K) 
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Generation 
The first unit with 11 MW capacity was commissioned on 
December 1973 and the generation during the year 1973-74 was 
13916.8 <MWHRs) with the Plant Load Factor of 43.56 per cent 
(Table 29) . On July 1974 the II unit was also commissioned 
and the total generation was 63882.6 (MWHRs) in 1974-75 with 
the Plant load factor of 33.14 per cent. After that the 
plant lo£id factor has been improved and reached the mark of 
53.68 per cent in 1979-80. In 1980-81, the machinery of the 
Project was under overhauling and both the units were in 
operation for two months, so the generation during the year 
was only 4722.67 (MWHRs) with the Plant Load Factor of 37.77 
per cent only. From 1981-82 to 1989-90, there was variation 
in generation from year to year but the Plant Load Factor 
remained 55 percent. After that the generation was decreased 
and the Plant Load Factor reached 35.74 per cent in 1992-93. 
So, for the last three years the performance of this project 
has not been satisfactory and generation has come down 
considereibly. Table 30 clearly indicates that the cost per 
unit of power at Bus Bars was only 25 Paisa in 1989-90 and 
it increased sharply and reached 42 Paisa in 1992-93. 
Following are the main reasons for low generation. 
1. The canal is in service from 1973 uptil now. The canal 
portion from BR I and BR II have been designed for 
carrying a maximum discharge of 425 cusecs as per the 
13;] 
ENERGY GENERATION OF 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
-L4. 
15. 
16. 
17. 
18. 
19. 
20. 
Source: 
FROM 
Year 
TABLE - 29 
UPPER SINDH HYDEL 
1973-74 TO 1992-93 
Generation 
in MWHRs 
December 1973 to 13,916.8 
March 1974 
(Only I Unit) 
1974-75 
1975-76 
1976-77 
1977-78 
1978-79 
1979-80 
1980-81 
1981-82 
1982-83 
1983-84 
1984-85 
3985-86 
198C-87 
1987-88 
3988-89 
1989-90 
1990-91 
1991-92 
1992-93 
By the courte 
63,882.6 
79,216.1 
92,072.7 
1,03,583.0 
1,06,785.1 
1,03,465.0 
4722.62 
1,06,532.78 
1,04,679.15 
1,05,680.96 
1,06,895.21 
98,530.89 
1,01,065.67 
1,04,457.97 
1,03,780.22 
96,662.20 
81,145.30 
74,084.60 
68,884.4 
sy of Executive En 
PROJECT STAGE - I 
Percentage 
of Plant 
load factor 
43.56% 
33.14% 
41.10% 
47.77% 
53.47% 
55.41% 
53.68% 
35.79% 
55.27% 
54.31% 
54.83% 
55.47% 
51.13% 
52.44% 
54.20% 
53.85% 
50.16% 
42.10% 
38.44% 
35.74% 
igineer. Upper Sindl 
Hydel Pro jec t S t a g e - I , Sumbal, S r inagar (J & K). 
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TABLE 30 
DETAILED COST OF GENERATION PER UNIT QF UPPER SINDH HYDEL 
PROJECT STAGE- I 
S.No. Particulars Years 
1989-90 1990-91 1991-92 1992-93 
2. 
5. 
Units Generated 
during the year 
Capital cost upto 
the Power House 
Bus Bars till 3/90, 
3/91, 3/92, 3/93 
96662.20 
(MWHRs) 
1541.52 
(Lakhs) 
3. 
4. 
Direct Charges 
Repairs, maintenance 12.30 
and other charges (Lakhs) 
Indirect Charges 
I. Interest at the 
rate of 8.5% on 
capital cost 
I]. Depreciation 
capital cost at 
the rate of 4% 
III Establishment 
Charges and wages 
IV. Pension contri-
bution, direction 
and audit charges 
at the rate of 
24% on establish-
ment . 
81145.30 
(MWHRs) 
1536.14 
(Lakhs) 
11.49 
(Lakhs) 
74084.60 
(MWHRs) 
1696.74 
(Lakhs) 
12.81 
(Lakhs) 
68884.40 
(MWHRs) 
1752.82 
(Lakhs) 
13.50 
(Lakhs) 
131.02 
(Lakhs) 
61.66% 
(Lakhs) 
35.40 
(Lakhs) 
130.57 
(Lakhs) 
61.44% 
(Lakhs) 
32.63 
(Lakhs) 
144.00 
(Lakhs) 
67.86% 
(Lakhs) 
39.37 
(Lakhs) 
148.48 
(Lakhs) 
70.00% 
(Lakhs) 
51.48 
(Lakhs) 
8.24 
(Lakhs) 
7.68 
(Lakhs) 
9.40 
(Lakhs) 
12.35 
(Lakhs) 
Total Charges (3+4) 248.62 243.81 273.44 295.81 
Cost of Generation 
unit 0.25 0.30 0.36 0.42 
Paisa Paisa Paisa Paisa 
per per per per 
unit unit unit unit 
Source: Ey the courtesy of Executive Engineer, Upper Sindh 
Hydel Project Stage - I Sumbal, Srinagar (J & K). 
vs 
scheme. But due to acute shortage of power in the 
valley, an additional discharge of 50 cusecs have been 
allowed. This overloading of canal has resulted in the 
damage of lining of the canal. Besides this major cause 
of damage to the canal lining, the other factors relate 
to the extreme climatic conditions prevailing in the 
area. Further during the execution of Power canal the 
left embankment at certain reaches has been constructed 
in loose boulder strata which also is an apparent cause 
of maximum damage to the tile lining on the sides of 
the canal. The canal is profusely leaking from the down 
hill side, especially near RDs 4,400, 7,500, 9,000, 
10,000, 10,700, 15,000, 20,500, 22,200, 27,500 and 
29,400 (11)-'-^ . Most of the tile lining and cement 
concrete panel have got dislodged and bulged in the 
centre, thus giving a deep crack in the middle. Due to 
flow of water big cavities have been framed beneath the 
lining. This bulging has taken place due to freezing of 
leakage behind the tile/cc lining. 
The machinery and equipment of the Power House requires 
renovation and reconditioning. The first over-hauling 
of both the units was done in 1980 and the second was 
due in 1985 but could not be done due to the paucity of 
19. Project Report of USHP-I (Overhauling and Modernisation) 
p. 18. 
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funds as well as time because of continuous running of 
the project due to shortage of power. 
3. The BRs I and II are situated on RD 500-1900 and RD 
2983-3144 respectively. The designed storage capacity 
of BR I and II is 60 MW and 12 MW hours respectively. 
This storage has been provided for peak generation 
during the lean period when the Sindh River carries low 
discharge. These capacities have tremendously come 
down due to deposition of silt from 60 MW to 30 MW and 
from 12 MW to 3 MW respectively. 
4. The outdoor yard has only one circuit breaker which 
results in less generation in the event of any fault 
(mechanical or electrical). As such installation of one 
more circuit breaker has been necessitated. 
5. The filteration of the power transformers have become 
overdue. 
6. The existing battery bank is installed since 1973 and 
is giving frequent breakdowns by way of cracks of 
containers, damaged plates etc. 
7. Head Works 
The Devri Stone flowing of the under sluice gates have 
been damaged and washed away due to continuous flow of 
water since 1973 i.e. the date of commissioning of the 
scheme. The main cause of erosion of flow is due to the 
high velocity of water generated in the high flood and 
J 3 7 
in rainy season when the Sindh Nallah passes a high 
flood discharge. The scouring of bed is also due to 
rolling down of big boulders along the floor by the 
fast current of water and the under sluices. The crate 
a pron on down stream side of the spill-way has also 
been damaged and some portion washed away due to the 
same reasons. If this erosion is not contained there is 
every apprehension of scouring of divide walls and the 
o n piers of under sluice 
Gas Turbine Station 
The double circuit of 132 KV transmission line linking 
Jaramu Region with Kashmir Region through a mountaneous and 
difficult route over Pir Panchal Range has a limited 
capacity of carrying power to the extent of 110 MW only^ -"-. 
The commissioning of some of the Central Sector hydro 
scliemes like Salal Hydro Electric Project have largely 
benefited Jammu Region owing to limitations of transmission 
between the two regions. So Kashmir Region which has a 
serious shortage of Power, especially in winter. To combat 
the crisis of power in Kashmir valley the Government has 
installed 3 x 25 MW Gas Turbine Station. The Plant is 
situated at Kadabal (Pampore) about 9 Kms. from Srinagar on 
the left side of Srinagar - Jammu National Highway. The 
20. Project Report of Upper Sindh Hydel Project (Stage-II), 
p. 30. 
21. Feasibility Project Report of Gas Turbine Pampore, p.20. 
benefit of this plant is available only during the winter 
when the peak demand in the Kashmir Region is 480 MW. The 
Plant which has an installed capacity of 75 MW runs only in 
winter and it can not be used for more than 1200 hours in a 
year^^. The I, II and III unit of 25 MW each was 
commissioned in April 1989, July 1989, and December 1989 
respectively. The machines of the Plant were supplied by 
Bharat Heavy Electricals Limited. The total cost of the 
Project lor installation of 3 Gas Turbine Uni'ts of 25 MW 
each was Rs.4,700 Lakhs . The power of this Plant is 
distributed through 33 KV transmission line to Pampore Grid 
Station. The following table shows annual energy generation, 
plant load factor and cost per unit of Gas Turbine Station. 
TABLE - 31 
ENERGY GENERATION OF GAS TURBINE STATION 
FROM 1989-90 TO 1993-94 
S. No. Year Energy Percentage Cost per 
Generation of Plant unit of 
in (LU) Load Factor Power 
1. 
2. 
3. 
4. 
5. 
1989-90 
1990-91 
1991-92 
1992-93 
1993-94 
519.68 
446.97 
824.75 
324.92 
466.22 
7.90 
6.80 
12.55 
4.90 
7.00 
5.10 
5.23 
5.20 
5.20 
5.25 
Source: By the Courtesy of Executive Engineer, Gas Turbine 
Pampore. 
The above table depicts that the generation in 1989-90 
22.Feasibility Project Report of Gas Turbine Pampore,Op.cit. 
23. Ibid p.28 
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was 519.68 (LU) with the plant load factor of 7.90 per cent. 
However, in 1991-92, the plant load factor has improved to 
12.55 per cent, but in 1993-94 the plant load factor as well 
as generation decreased and reached 7.00 per cent with the 
cost per unit of power of Rs. 5.25 paisa. 
From the above discussion it can be concluded that the 
generation from these stations falls sharply in winter (when 
the power demand is at its maximum) because of depletion of 
the discharge in the rivers and streams due to, freezing in 
the catchments. The gap between the availability from the 
generation of these stations and the demand thus widens 
considerably in winter. Further the Gas Turbine which has a 
capacity of 75 MW cannot be used for more than 1200 hours in 
a year. Hence the valley has to depend largely on the 
electricity to be supplied by the lower Jhelum Hydroelectric 
project, which has so far been contributing largest amount 
of electricity in the region. The succeeding Chapter has, 
therefore been devoted to the study of lower Jhelum 
Hydroelectric Project. 
^m 
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CHAPTER ^ V 
LOWER JHELUM HYDROELECTRIC PROJECT (LJHP) 
The State of Jaramu and Kashmir is especially rich in 
water resources as three mighty rivers of the Indus basin 
namely, Ravi, Chenab and Jhelum along with their tributaries 
like Tawa , U^h, Liddar and Smdh etc., flow through it"'". 
Accordingly, the Lower Jhelum Hydroelectric Project (LJHP) 
has been installed to harness the potential available on the 
mam river of the valley namely Jhelum, below Baramulla 
town 
JHELUM RIVER AND ITS CHARACTERISTICS 
The Jhelum river originates from varinag spring 
situated about 80 Kms. South-east of Srmagar at an altitude 
of about 6200 ft It flows m northernly direction for a 
distance of about 80 Kms., and passing through the city of 
Srmagar then after another about 55 Kms , it enters Wullar 
Lake, (the largest fresh water lake of northern India). From 
the Wullar Lake it changes its course and flows towards the 
west Baramulla town is situated on its banks m Km 16 from 
wullar Lake The Headworks of the Lower Jhelum Hydel 
Project is about 10 Kms further down-stream After 
traversing about 50 Kms m westernly direction from 
1 Lower Jhelum Hydroelectric Project Report Vol I p 26 
2 Lower Jhelum Hydroelectric Project Report Vol II 
Baramulla, the river crosses the "Line of actual contro]" 
into the Pak-occupied area of Jammu and Kashmir. 
The main tributaries feeding the river are Vishau, 
Rambiara, Liddar, Arpal and Romshi upto Srinagar, Sindh 
between SJrinagar and Wullar and Pohru between Wullar and 
Baramulla. There are also many hill torrents meeting the 
river between Pohru and the Headworks site. The catchment 
area of the river upto the Diversion weir site is 4780 Sq. 
miles . 
The maximum observed flood in the river at Baramulla 
has been 35,336 cusecs only whereas the total run off of the 
Jhelum catchment upto Srinagar has been as high as one lakh 
cusecs. The river Jhelum through Srinagar city with a bye-
pass flood channel has a capacity of carrying only 55,000 
cusecs. The additional run-off spills over its banks into 
the lov7 lying areas of the valley . Whereas during high 
floods about 60,000 cusecs enter Wullar Lake from river 
Jhelum and other Nallah's which meet the Wullar Lake 
directly, the outfall channel (river Jhelum) from the Wullar 
Lake carries only about 35,000 cusecs when the Wullar Lake 
is full. This is so because of the choking and siltation of 
the outfall channel between Wullar Lake and Baramulla which 
has a very flat bed gradient of about 1:5000; the outfall 
channel gets choked also because of the high sediment load 
dropped into it by Pohru Nallah and other hill torrents^. 
3. op. cit. p. 28. 
4. Ibid. p. 29 
5. Ibid. p.30. 
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The snow precipitation over the higher regions takes 
place during the winter months of November to March and the 
same melts in the months of March to September and forms a 
part of the run-off of the river. 
Rainfall and climatic conditions 
The average rainfall in the valley is about 38 inches 
per annum. The prevalent temperature ranges between 38^ and 
minus 10>^  centigrade. . 
The first project report of Lower Jhelum Hydroelectric 
Project was submitted by the State Government to Central 
water and Power Commission in December 1961. The proposal 
was accepted and the State Government was asked to submit 
revised report with detailed technical data. A detailed 
project report with technical modification after carrying 
out intensive investigations was submitted in July 1962. The 
vital issues of this project were again reviewed and 
discussed further when it was considered necessary to carry 
out further investigation on different alternatives. This 
necessitated submission of another revised project report 
which was consequently prepared and submitted in August 
1963. On account of some technical problems and other 
reasons, the project could not be started though the 
execution of some minor works of preliminary nature remained 
6. op. cit. p. 18. 
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m progress. The construction of the project was finally 
started m 1972 and completed in 1978, with the total cost 
of 87 crores . The "Lower Jhelum Hydroelectric Project" 
(State owned) with an installed capacity of 105 MW is 
situated on the right bank of Jhelum river near 74M - 15' 
longitude (east) and 345^  - 11' latitude (north) in the Uri 
Tehsil of Baramulla District. The Srinagar-Uri national 
Highway from Km 65 to Km 71 runs parallel to the project 
area on the left bank of river Jhelum^. 
The nearest railhead is at Jammu which is 300 kms. to 
the South-east of Srinagar city and 365 Kms. from the start 
of the project area. The project area has been connected by 
a 21 kms. long service road from Baramulla town along the 
right bank of river Jhelum which is connected back with the 
Srinagar-Uri national Highway at Km 71 with the help of pre-
stressed concrete bridge across river Jhelum near the Power 
house. 
Unit I, II and III of the Lower Jhelum Hydroelectric 
Project were commissioned in 1977,1978 and 1979 respectively 
with the installed capacity of 35 MW each. The project is 
to generate 105 MW of Pov;er during the summer months (from 
11th March to 20th September) at 90 per cent load factor 
with the required Pondage of 280 Acre feet available in the 
7. Lower Jhelum Hydroelectric Project Report Vol. II, P. 13, 
1973 
8. Ibid. 
14t 
Balancing Reservior and the water conductor between the 
Balancing Reservior and the Forebay above 7700 cusecs water 
level to generate 105 MW with the available drop of 202.72 
feet at the Power House^. During the remaining period it 
generates a minimum of 55 MW, with 2 generating sets and the 
3rd is available for check up and repairs with 58 per cent 
load factor for which the required pondage of 1200 Acre-feet 
are available at the following places above the minimum 
discharge line of 2,997 cusecs"^^. 
a) Pool behind the diversion weir 
b) Balancing Reservior 
c) Forebay 
d) Water conductor 
Total 
After all the 3 sets were commissioned and the system 
established, it generate 600 million KWh of Power per annum (M) 
(i) Summer (6 - 1/3 months) - 438 x 10^ KWh 
(ii) Winter (5 - 2/3 months) - 168 x 10^ KWh 
- 250 
- 5^0 
- 50 
- 390 
-1200 
A f t . 
/ / 
/ / 
/ / 
A f t 
606 X 10^ Kwh ^^ 
The various components of th€ Power Project are as 
under: 
(1) Power House machinery like Packages weigging, 
9. Mini Project Report of LJHP p. 26, 197( 
10. Op.cit. P. 41 
11. Ibid 
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trailer, Generator Turbine sets. 
(2) Control and Relay Panels. 
(3) Power House Cranes. 
(4) Miscellaneous equipments of Power House like 
workshop machinery, illumination heating and 
ventilation equipment, erection materials 
(cutting, welding electrodes, oil pressure plants, 
oil fuel, lubricants of different specification 
iron fixtures. 
(5) Outdoor switchyard (6) Penstock. The machinery of 
the above components of the project supplied by 
Bharat Heavy Electricals Limited. 
(7) 132 KV Double Circuit Transmission Line. 
The Power generated is stepped up from Generation 
Voltage of 11 KV to 132 KV and are pumped into the system 
located at Bemina Grid Station Srinagar through a D/C 
Transmission line on steel towers. The line between Power 
House and the Grid Station has been constructed 
departmentally, with supply from standard manufactures. The 
line is to be tapped (one circuit only) at Sangrama to feed 
Amargarh Grid Tapping Station from where 33KV feeders are 
flowing out to form the basic sub transmission for covering 
1 9 
the Baramulla district for electrification purposes . 
12. Op.cit. p.2! 
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Salient Features 
As per Mini Project Report the following are the salient 
features of LJHP-'--^ . 
1. Project Area 
2. Location 
i) Diversion Weir 
ii) Power House 
3. Scope of Project 
4 Year of Operation 
Kydroiogical data and 
Climatic conditions 
i) Catchment area of the 
river upto Head works 
ii) Max. designed flood 
discharge in river 
Jhelum at Weir site 
iii) Min. 10 days mean 
(Observed discharge in 
the river of 25 years 
from 1946 to 1970 
(Last 10 days of Des). 
In Baramulla District of Jaramu & 
Kashmir (Tehsil Baramulla and 
Uri) 
Latitude 
34-11-11 N 
34-8-0 N 
Longitude 
74-16-21 E 
74-12-D E 
Generation & Transmission of 
Hydro Electric Power 
a) Summer (11th March 
to 20th September) 
(193 days) 
b) Winter (172 days) 
105MWHRS 
90% LF 
-70 MWHRs 
aggregate 
of 58% LF 
Pondage of 
1200AFT on 
the project 
1st (Set MW) - Feb 1978 
2nd & 3rd Sets (35 MW each: 
January - November, 1979. 
4780 Sq.miles 
80,000 Cusecs 
(22650 cumec) 
2997 cusecs 
(84.86 Cumec) 
13. op. cit. p. 12. 
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(iv) Average rainfall per 
annum 
v) Prevalent temperature 
6 . Diversion Weir 
i) Location 
7. Spillway and Divide Wall 
i) Location 
ii) Number & width of bays 
iii) Size of steel gates 
iv) Crest level 
v) Crest width 
vi) Up-stream floor level 
vii) Down stream floor level 
viii) Bed level of cistern 
ix) Slope on U/S side 
x) Slope on D/S side 
xi) Foundation level 
Cut off U/S 
Cut of D/S 
xii) Over all length (along 
river) on pucca floor 
between U/S and D/S and 
offs. 
xiii) Thickness of RCC floor 
(5000 PSI cycle) 
38 inches 
(96.52 Cum) 
Max. 38°C 
Min. (-) 10°C 
10 Km down stream of Baramulla 
on river Jhelum (65 Km from 
Srinagar and 365 from Jammu 
tail-head) between villages 
Gantamulla on left bank and 
Zehanpore on right bank. 
Towards left bank of river 
(village Gantamulla). 
7 x 30 ft. (7 X 9.144 N) 
7 Nos. of 9.146M X 7.910N size 
with one extra stopage gate. 
5110 (1557.92 N) 
6 FT (1.82 N) 
5105 (1556.40 M) 
5101 (1555.19 M) 
5090 (1554.24 M) 
3:1 
3:1 
5090 (1551.82M) 
5079 (1548.47M) 
175 ft. (53.35 M) 
5 ft. (1.52 M) 
xiv) Divide^ well between 
spillv/ay and under 
sluice portion of the 
diversion weir length. 
XV) Top wLdth of piers and 
divide walls 
XVI) Pier No 4 
325 ft. (99.05 M) 
6 ft (1.83 M) 
Double with through 
between the two. 
xvii) Operating platform level 5181 (1579.57 M) 
UINIDER SLUICES FISH PASS AND SILT EXCLUDER 
J4^ 
joint 
8 
i) Location 
11) No. Sc width of bays 
111) Silt level 
iv) No. & size of steel 
gates 
V) Bed level of D/S 
cistern 
vi) Thickness of RCC floor 
(5000 PSI/cycle) 
vii) Deepest cut off level 
(D/S of cistern) 
Vj.li) Top width of piers 
ix) Operating platform 
level 
x) Fish pass (between 
Divxoe wall and under 
sluices) 
xi) Silt excluder 
One right side 
3 x 30 ft. (3 X 9.146M) 
5105 (1556.40 N) 
3 Nos. of 9.146 
M X S 534M size with 1 extra 
Emergency gate. 
5093 (1552.74 M) 
5 FT (1.52 M) 
5072 (1532.62 M) 
6 FT (1 72 M) 
5181 (1579.57M) 
5 ft. wide (Daniel type 1.52M) 
Tunnels of 6 ft x 7 ft each 
INTAKE STRUCTURE HEAD REGULATOR 
i) Location with respect 
to Diversion weir. 
11) Desicfned discharge 
111) No 5t width of Bays 
iv) Crest level 
v) No. St size of steel 
vi) Cistern level 
vii) Esd stils level 
viii) Overall pucca length 
of eastern upto end 
side 
83 ft. upstream of weir axis on 
right flank wall with 15° tilt 
towards downstream side. 
7700 cusecs (218 cumec) 
3 X 25 ft. (3 X 7.52 M) 
5112 (1550.53 M) 
3 Nos. of 7.62 M X 6.096 M with 
an emergency gate) . 
5103 (1555.79 N) 
5105.25 (1556.47M) 
120 ft. (36.58 M) 
149 
ix) Operating plate form 
level 
x) Bridge 
WATER CO^fDUCTOR SYSTEM 
i) Total length 
ii) Carrying capacity 
a) Upto Silt Ejector 
b) Silt Ejector to BR 
c) B&R beyond B.R. 
iii) Tube of conductor 
(A) RD 297 to RD 236 
(81.0 ft) 
(B) RD (4) 236 to 476 
(C) RD 476 to 4306 
5174 (1577.44) 
RCC Class A 
28670 RM (8740 M) 
7700 cusec (218 cumec) 
7000 ,, (190 cumec) 
7770 ,, (220 ,, ) 
RCC rectangular box 
Converging from 85 ft. 
30 Ft.Sq. 
to 
30 ft.dis (internal) RCC Horse 
shoe conduit with 20 ft. length 
U/S 276 ft D/S transition. 
Open corn-concrete lined channel 
trapazodial with bed width 
25.2ft side slopes 1,1/2:1 bed 
slope 1 No. 7000 and valocity 
5.27 ft/sec. with pressure 
release valves in bed and 
sides. 
(D) RD 4306 to 5074 
[h) RD 5074 to 9195 
10671 to 10757 and 
11056 to 13067. 
Silt Ejector with transition and 
escape channel. 
Open concrete lined trapazodial 
channel having bed width of 16' 
sides slopes 1,1/2:1 bed grade 
IW 5550, velocity 5.6 ft/sec. 
and cross drains of joined C.C. 
pipe. 
:F) 
(G) 
RD 13221 
14152 to 
17346 to 
to 14807 
17126 
18426. 
RD 19259 to 22285 
2283C to 23011 and 
23761 - 26811 
2 6 ft. internal diameter RCC 
Horse shoe conduit with bed grade 
of 1:800 PSD 24 ft. and velocity 
13 ft/sec. with transiting. 
Same as (E) but with bed width 
25 ft. bed grade (1:4000) and 
velocity 6.5 ft/sec. free board 
3 ft. above ponded max. water 
level of 5112.69 ft. 
] . ) () 
(H) RD 18426 to 18999 
(I) RD 23011 to 23761 
Same as (E) but F5D 23.5 ft and 
velocity 5.8 ft/sec. 
Open flummed section with 
transition bed grade 1:2000 
side slopes 1:1 bed width 20 ft. 
and velocity 8:81 ft. side sec. 
stone mesonary in cement 1:3 and 
side walls on RCC. 
Max. water bed 5112.69 ft. 
(J) RD 9195 to 10671 
(1476 Rft) 
RD 2228 to 22030 
RD 27411 to 28074 
CROSS DRAINAGE WORKS 
a) Major 
Cut and cover RCC twin Barrel 
conduit size 2x27x27 ft. bed 
grade 1 in 4200. 
RCC twin Barrel 2x27x31.35 with 
U N 3510 bed grade. 
RCC twin Barrel 2x27x3665 with 
11 M.910 bed grade. 
3 No. superpasseges with 
transition. 
b) Minor 
c) Nallah Diversion 
i) Davinij-248 ft. from RD 
10757 to 1105. 
ii) Brimjiwan-220 ft. RD 1716 
to 17346. 
iii) Bimyar 204 ft. At the end 
of water conductor near 
Forebay nallahs. 
7No. superpassages at Nallahs 
1190 RD Brimjinar for 3000 cusec 
7048 RD Gori Nallah for 1250. 
8557 -- do -- Guns for 400. 
9150 -- do -- Surf for 500 
RD's 22995,24332 & 25032. 
3 No. at different RD Chooran 
into Brimjinar RD 500 Khoershan 
into Brimjinar and Nooj into 
Gori RD 6200 and 7048. 
Escape at RD 1306 to 13221 7000 cusecs with vertical lifting with 
escape channel into wier steel gates 2 bays River. 
Fall at RD 18999 to 19259 
(Start of BR side Channel) 4.12 ft. drop in bed. 
Balancing Reservior RD 19259 
to 22285. 
i) Length 
ii) Max. width 
iii) Bed level 
iv) Full pundage level 
v) Open side channel 
vi) Pondage (live) 
vii) On left (River side) 
15] 
3406 ft (1039 M) 
900 ft (274.4M) 
5092.78 ft. (1558.76 M) 
5112.69 ft. (1558.75 M) 
On right side (Hill side) with 
left bank at RL 5100.00 ft. 
lining same as far open channel 
with pressure release valves 
etc. 
590 AFT. 
RCC lining in bed 2 on slopes of 
earthen einbankment. 
Forebay intake structure 
with spillway 
i) F.S.L. 
ii) Max. level (M.O.D.) 
iii) Forebay length 
iv) Spillway width 
v) Pondage (live) 
PENSTOCK 
5118.59 ft. (1560.50) 
5097.20 ft. (1554.02) 
525 ft. ( 160.IM) 
158 ft. (48.17M) with automatic 
falling steel gates and hoisting 
arrangements. 
51 AFT. 
(i) 3 Nos. steel pipes, one for 
each turnbine, two pipe of 
4.5M. dia each and the 3rd 
5.5M dia upto Bifurcation 
point to take off another 
pipe i.e. 4th standby unit 
to be installed in future. 
(ii) 16 Nos. Ring girders for 
penstock No. (1) and (2) 
and 15 No. for Penstock 
No. 3. 
(iii) Horizontal 
meters. 
length 335 
P O W E R H O U S E 
i) Size Main Block 48.5 x 34.6 meters 
(to be extended to house 4th 
unit in future. Service and 
repairing block 18 x 26 1 meter. 
ii) Generator (Floor level) 4921.96 Ft. (1500.60 M) 
152 
iii) Raft Bottom 4851.30 Ft. (1470.85 M) 
iv) Gantry Rail (Top level) 4050.79 Ft. (1509.83 M) 
v) Excavation depth (Max) 
vi) Average Head 
126 Ft. (38.41 M) 
202.72 Ft. (61.60 M) 
TAIL RACE POOL AND CHANNEL 
i) Length 
ii) Capacity 
iii) Type 
iv) Max. Tail Under 
v) Min. T.W.L. 
vi) Bed level at Start 
ANCELLARY WORKS 
1) 
2) 
795 Ft. (242.40 M) 
7770 Cusec (220 Cumec) 
- Tropezodial open channel with 
cement concrete lining for part 
length and dry stone pitching 
in remaining length and wit and 
silt. 
- 4910.59 Ft. (1497.16 M) 
- 4893.23 Ft. (1492.00 M) 
- 4869.30 Ft. (1484.5 M) 
Pre-stressed concrete bridge near Power House. 
RCC Bridge over Penstocks RD 24676 and at RD 2200 
3) Residential colonies and other buildings had been 
constructed at the following places: 
a) Baramulla (Ushkara colony old and new) 
b) Zehenpora (c) Peernie (d) Shahkot and Saroj-Dokri 
Forebay-cum-spillway 
Forebay is located in village Bimyar across Bimyar Nallah 
beyond RD 28250 of the water conductor . The main function 
of the Forebay is to provide a water seal over the Penstocks 
so that air does not find its way into the Penstocks and to 
14. Op.cit. P. 22 
1J 
provide some storage to meet the instantaneous fluctuations 
m water requirements due to sudden demand or load 
rejection A gated spillway is provided to spill water if 
Its level rises beyond RL-1558 350. 
Penstocks: 
The Penstocks are located between the Forebay and Power 
House m village Warikhah (5.5 miles from the Headworks on 
the right bank of river Jhelum) . The function of the 
Penstocks is to carry water from Forebay to Power House to 
run the turbine for generation of power. 
Power House: 
The Power House building is located m village warikhah 
on the right bank of river Jhelum about 5,1/2 miles away 
from the Headworks. It is just across the RCC prestressed 
bridge over River Jhelum at Chalabala at 71 Km of Srinagar-
Uri National Highway. The mam function of the Power House 
building is to house the Power Plant and the auxiliaries 
required for generation of power. 
Tail-Race Pool and Channel 
The Tailrace is located at downstream of the Power 
House building m village warikhah. The mam function of the 
Tailrace is "to recover the residual head of water leaving 
the turbine and to carry the water from the Power House back 
into river Jhelum. 
Capacity Addition Programme 
At Lower Jhelum Hydroelectric Project which is a run-
of-the river scheme, three units of 35 MW each have already 
been commissioned and a peak generation upto the full 
installed capacity of 105 MW, has been achieved during 
summer sesison when designed discharge is available. However, 
as the discharge in the river during summer months (from 
March to August) is considerably more than the present 
design discharge of the LJHP, it is possible to install one 
more unit of equal capacity of 35 MW^. Since lot of water 
is wasted during these summer months, at least one -
more unit can easily run with a portion of the extra 
available discharge and in order to meet the fast growing 
demand of electric power in Jammu and Kashmir^, the Power 
Development Department Authorities have decided to identify 
the "Short Term Measures". The idea of installing a 4th unit 
at LJHP, is one out of these "Short Term Measures" for which 
efforts are being put forth to give it a practical shape. 
This would be subject to the condition that the cut and 
cover structures and conduits which may have been designed 
as free flowing structures could be safe under changed 
hydraulic and structural conditions. Because once the 
structures are loaded with an additional discharge of 2350 
cusecs for generation of a further 35 MW power, these 
15. Lower Jhelum Hydroelectric Project Report Vol. I, p.28. 
16. Ibid. 
l!)') 
structures will have to run under pressure. Before any 
decision is take it is imperative for CEA (the design 
consultant for this Project) to test such structures for the 
1 7 
changed hydraulic and s t ruc tu ra l conditions . 
Therefore i t i s proposed tha t a 4th u n i t with a 
generating capacity of 35 MW would be i n s t a l l e d °. This 
would r e q u i r e mod i f i ca t ions in almost a l l the e x i s t i n g 
s t r u c t u r a l components of LJHP by way of i n c r e a s i n g the 
discharge carrying capacity to a to t a l of 9350 cusecs plus 
the d i s cha rge r equ i r ed for S i l t E jec t ion upto the S i l t 
Ejector. The i n s t a l l a t i o n of the 4th unit would contribute 
1 Q 
129 million units annually with 35 MW generation ^ . 
Management Pattern; 
Figure I shows the hierarchical level of LJHP. Table 32 
reveals the existing manpower of LJHP. It may be seen that 
there are two Executive Engineers one from Generation 
Division and one from Civil Maintenance Division. Under 
Executive Engineer (Generation Division) there are eight 
Assistant Executive Engineers (six from electrical group and 
two from mechanical group). Under an Assistant Executive 
Engineer, there are six Assistant Engineers (four from 
electrical group and two from mechanical group). Under him 
there are Twenty Four Junior Engineers (twenty electrical 
17. Lower Jhelum Hydro Project Extension (Installation of 
4th unit) Project Report Estimate and Drawings, p. 29. 
18. op. cit. p. 18. 
19. Ibid. 
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and four mechanical). In the office, there is one Assistant 
Accounts Officer, subordinating whom there is one head clerk 
and fourteen clerks. The total strength of employees in the 
Generation Division is 800. 
Under Executive Engineer (Civil Maintenance Division) 
there are three Assistant Executive Engineers (all are from 
civil group). Under an Assistant Executive Engineer there 
are three Assistant Engineers. Under an Assistant Engineer, 
there are four Junior Engineers. In the administrative 
Section there is one Assistant Accounts Officer, under whom 
there is one Head Clerk and fourteen clerks. The total 
employees in the civil maintenance division are 250. The 
staff of civil maintenance division are responsible for 
upkeep of civil structure connected with the Power House. 
1 i) > 
TABLE-32 
EXISTING MANPOWER IN LOWER JHELUM HYDROELECTRIC PROJECT 
S.No. Description Generation Civil Maintenance 
Division Division 
1. Executive Engineer 1 1 
2 . Assistant Executive 
Engineers 8 3 
3 . A s s i s t a n t E n g i n e e r s 6 3 
4 . J u n i o r E n g i n e e r s 24 4 
5 . E l e c t r i c a l , T e c h n i c a l 225 
6. Mechan ica l (Dr iver ) 1 
7 . Mechanics 4 
8. Telephone Operators 1 
9. Drivers 4 2 
10 G a t e o p e r a t o r s , F i l t e r , 
Boatman, H e l p e r s , Gate 
Key H e l p e r , Oder ly , 
c l e a n e r s 200 100 
1 
1 
14 
121 
250 
11 
12 
13 
14 
Assistant Accounts 
Officer 
Head Clerks 
Clerks 
Unskilled Labours 
Total 
1 
1 
14 
310 
800 
Source:(1) By the courtesy of Executive Engineer, 
Generation Division (LJHP), Gantamulla, 
Baramulla(J & K). 
(2) By the courtesy of Executive Engineer, civil 
Maintenance Division (LJHP), Baramulla. 
15!) 
Generation 
The yearly generation of power of LJHP since its 
commissioning in 1978 upto Oct. 1994 has been presented in 
Table 33. In the year 1978 the total generation was 2051.53 
(Lakh units) which reached 7326.92 (LU) in the year 1986-87. 
It went down to 5656.38 (LU) in 1992-93. The generation upto 
October 1994 was 5551.60 LU. The table also shows variations 
in the generation from year to year. The declining trend in 
the power generation is due to various factors which have 
been discussed in the following paragraphs. 
TABLE-33 
GIWERATIQN AND PLANT LOAD FACTOR OF LOWER JHELUM 
HYDROELECTRIC PROJECT 
S.No. Year Installed 
capacity 
Generation in 
(LU) 
Percentage of 
Plant load 
factor 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
1978-79 
1979-80 
1980-81 
1981-82 
1982-83 
1983-84 
1984-85 
1985-86 
1986-87 
1987-88 
1988-89 
1989-90 
1990-91 
1991-92 
1992-93 
1993-94 
105 (MW) 2051.53 
3678.88 
4820.61 
4586.87 
5780.34 
5737.95 
5520.80 
5129.12 
7326.92 
6898.64 
5944.00 
6217.88 
5974.81 
5643.12 
5656.38 
5551.60 
38.40 
40.00 
52.40 
49.86 
62.84 
62.43 
60.02 
55.76 
80.00 
75.00 
64.62 
67.60 
65.00 
61.35 
61.49 
60.35 
Source: (1) By the courtesy of Executive Engineer, 
Generation Division (LJHP), Gantamulla, 
Baramulla(J & K). 
Plant Load Factor (PLF) 
Plant Load Factor or capacity utilisation is an 
important parameter for measuring the efficiency of Power 
Generation of a Power Station. The PLF of LJHP was 
unsatisfactory upto 1981-82. However, it increased 
considerably to about 63% in 1982-83 and also in 1983-84. It 
was highest in 1986-87. During 1993-94 it was 60% which can 
be said to be satisfactory. 
During the year 1992-93, the State owned Power Projects 
in Jammu and Kashmir achieved PLF below than the LJHP. 
Chenani Hydro Project achieved PLF of 42.73%. Ganderbal 
Power Station achieved PLF of 50.79% and Upper Sindh Stage-I 
achieved PLF of 35.74%. So the perfoi-mance of LJHP is far 
more satisfactory than the other Power Projects in the 
State. 
Figure J shows monthly generation of power of LJHP since 
its inception in 1978. It may be observed that in the months 
of September, October, November, December, January, February 
and March (winter) all the three units have generated energy 
4010 (LU) , 3530 (LU) , 3380 (LU), 3065 (LU) , 3988 (LU), 4005 
(LU) and 5515 (LU) respectively, while inthe months of 
April, May, June, July and August (Summer) they have 
generated 6548 (LU) 6250 (LU), 5935 (LU), 5850 (LU) and 6110 
(LU) respectively. So it is observed that there is a wide 
variation in generation from month to month. From 1978 to 
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1994 unit I has generated energy 29869 (LU) unit II 14,339 
(LU) and unit III 14148 (LU) . So half of the total energy 
has been generated from unit I. In the summer months as 
mentioned above unit I generated 14674 (LU), unit II 8149 
(LU) and unit III 7870 (LU) energy, while in winter months 
unit I generated 15,195 (LU) unit II 6190 (LU) and unit III, 
6278 (LU). In winter months the low generation is due to the 
lean discharge of water. 
The main reasons for low generation and wide variations 
from month to month are discussed as under: 
1. Inspite of effective Silt Ejector provided upstream of 
Balancing Reservior it has been observed that a huge 
quantity of Silt gets deposited in the balancing 
reservior and it is decreasing the balancing reservior 
capacity over the years. The silt is being physically 
taken out annually by closing the Power House for a week 
or more, resulting in loss of generation. 
2. The earthen embankment of Forebay on river side is 
totally exposed with the result that ravings have 
started forming due to occasional rains. 
3. Cracks are observed on the ring girders of all the 
Penstock and a hair crack in the main shaft of Penstock 
No. 1. The cracks have developed due to excessive 
vibrations of the generating units at peak loads, which 
directly travelled along the Penstock pipes. 
1(3.1 
4. The coolers of thrust and turbine guide (both lower and 
upper guide bearings) are having adminrality brass -
tubes. These tubes are punctured frequently while in 
service. This results in loss of generation as well as 
loss of lubricating oil. The tube failure of one of the 
thurst bearing coolers involves loss of 5 kilo-litres of 
lubricating oil and generation loss of about 1600 MWH. 
5. A lot of loss of water has been observed under the 
various gates installed along the project, at Barrage, 
Silt Ejector, Escape and Spillway. This has also resulted 
in loss of generation. 
6. There are various equipments in generating units which 
have not been working satisfactorily from the initial 
stages and are an impediment in the working of the Power 
House. 
7. Ihe generating units have been observed to work 
erratically because of improper alignment in bedding, 
causing, wobbling of the shaft and sometime shut down of 
the machines. 
8. The Trash Racks provided at the Barrage Site have been 
found to be an impediment in the full generation. Even, 
constant racking often does not help in maintaining the 
full generation for the month of March, April and May 
when heavy rains are a feature ,of the season. The Power 
House loses about 2 Lakh units a day when the Head 
1 ( ) • • 
regulator gates have to be closed and the trash removed 
from the trash tracks. A series of log booms have been 
constructed upstream of this Barrage, but some trash 
finds its way to block the trash racks. 
9. The present excitation system equipment in the Power 
House is rotatory and is of Russian Make and a lot of 
difficulty is faced to arrange its spare parts. 
10.About 7350 cusecs of water is needed to generate 105 MW 
but only 5600 cusecs is available in summer and 4200 
cusecs is available in winter. So there is a wide 
variation in generation between summer and winter and 
even in summer when maximum water is available, 
generation to full capacity is quite impossible. In 1984-
85 the total cost of the Project was Rs.85.93 crores and 
the generation during the year was 55.20 crore units, the 
cost per unit of power at Bus was 18 Paisa as shown in 
Table 34. In 1985-86 the generation increased and the cost 
per unit decreased to 17 Paisa. In 1986-87, the cost 
further came down to 14 Paisa per unit, and the total 
cost of the Project increased to (85.86) crores. After 
that, the cost per unit increased year by year and 
reached 23 Paisa per unit in 1993-94 while the total cost 
of the Project increased to 94.77 crores. 
From the foregoing discussion, it can be concluded that 
LJHP at present constitutes about 36 percent of the total 
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installed capacity in the State and contributes about 69 
percent of the total Power generation with the average PLF 
of 60 percent. The installation of 4th unit would contribute 
additional 129 million units annually with 35 MW generation. 
But even then it can not meet the requirements of Power in 
the State, in view of increasing demand of electricity due 
to the fast growing population and industrial activity. 
However, there may be a sigh of relief in the valley when 
the prestigious Uri Civil Hydroelectric Project gets 
commissioned in 1996. 
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CHAPTER j^  VI 
CONCLUSION AND RECOMMENDATIONS 
Power which is an important infrastructure component to 
accelerate industrial development has remanined a neglected 
area in the State of Jammu and Kashmir. There exists a wide 
gap between the demand for and supply of the power. The 
total generating capacity in the State during the year 1991-
92 was 8822.7 lakh kwh, while the per capita availability of 
power was 400.00 lakh kwh during the same year. In order to 
meet the ever growing requirements of the power, the State 
imports 20369.37 lakh kwh power from other States, and thus 
the State has relied more on power imports rather on the 
growth of its own generating capacity. The total installed 
capacity of all the power stations in the State is 296.46 MW 
comprising 62 per cent by hydro means and 38 per cent by 
other means. This is 1.34 per cent of the installed capacity 
of the northern region, and less than 0.4 per cent of the 
total capacity of the country. The per capita consumption of 
electricity in the State is 172 Kwh as compared to 200 Kwh 
in the northern region and also in the country as a whole. 
The State has one of the lowest quantities of power 
consumption per thousand population and per square 
kilometer. The pattern of electricity consumption in the 
State is dominated by non productive uses. The productive 
sectors of the economy accounts for one third of the total 
K ) •) 
electricity consumed in the State. 
The State is quite fortunate in having very large 
potential for hydroelectric power. This potential is placed 
at about 15000 MW of which 5000 MW is identified in the four 
main basins of Chenab, Jhelum, Indus and Ravi. As against a 
massive hydel power potential the State has succeeded in 
harnessing only about two per cent of the total. The State 
has undertaken a massive programme of development of mini 
and micro power stations. The likely installed capacity of 
these projects is estimated to be 940 MW and the annual 
addition to available energy shall be more than 5 billion 
units. Though the economic viability of these Projects is 
yet to be worked out, the amount of capital required for 
their implementation is likely to be enormous. 
The forecasts of demand and supply of electricity 
reveals that the power shortage would continue to plague the 
State even after the year 1995-96. The State Electricity 
Board which is responsible for generation, transmission and 
distribution of electricity in the State has suffered huge 
losses over the years. The tariff per unit of power is too 
low in comparison to its cost. The transmission losses are 
highest (46 per cent) compared with other States and the 
country as a whole. The transmission and distribution 
systems have been relegated in planning for power 
development. As a consequence the State particularly Kashmir 
Ib'i 
region is paying dearly on account of lack of transmission 
lines recfuired for carrying electricity from generating 
plants to the consumers. The only link between Kashmir and 
the rest of the country is double circuit 132 kv 
transmission line which has limited capacity of carrying 
only 60 MW power to the valley. 
The development of power has not received its due 
attention in the formulation and execution of economic 
plans. In the northern region of India, the Jammu and 
Kashmir had lowest plan allocation for power development 
upto the seventh Plan as compared to other States. Though 
the Eighth Plan allocation to the State is higher, still it 
does not seem to be sufficient to meet the requirements. The 
State of Jammu and kashmir embarked on a programme of a 
rural electrification four decades ago. However, the rural 
electrification received a fillip only after Rural 
Electrification Corporation began to finance the programme 
in 1973-74. Since then the number of villages electrified 
has increased steadily and significantly from 1388 in 1973-
74 to 10778 in 1991-92. The data on the percentage of rural 
electrification in the State is illusory. Where as Jammu has 
adequate supply of electricity to its consumers in cities 
and rural areas, the Kashmir valley is reeling under acute 
shortage of power. 
J / I ) 
At present the total demand of electricity in the 
State in the peak season is 991 MW and it has been projected 
to 1092 MW for the year 1995-96. The optimum generation is 
150 MW which further declines to 100 MW in winter because of 
the fall in the water level in the rivers feeding the hydro-
electric projects. In addition the share of State from Salal 
Hydroelectric Project is 121 MW. Hence the total power 
availability is 271 MW and 231 MW in summer and winter 
respectively. Therefore, there exists a wide gap between 
demand and supply of power in the State. The operational 
power Projects in the State, their installed capacities and 
generation is as follows :-
Projects Installed Generation 
Capacitiy Summer/Winter 
(MW) (MW) 
1 Cnenani 
Hydroelectric Project 25 18 15 
2. Ganderbal Hydel 
Power Station 15 9 8 
3. Upper Sindh Hydel 
Project 
Stage - I 22 18 12 
4. Pampore Gas Turbine Station 75 - 10 
5. Lower Jhelum Hydroelectric 
Project 105 90 55 
6. Others 18 15 10 
Total 260 150 110 
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(1) The Chenani Hydroelectric Project is a run of the 
river scheme on Tawi River, a tributory of river 
Chenab, Located near Udhampur in J&K State. The Project 
envisages the generation of power of 25 MW at 60% load 
factor for about nine months in a year and generation 
of 15 MW at 60% load factor for the remaining 3 months 
when there is less discharge of water in the river. The 
installed capacity comprises 5 units of 5 MW each. The 
first three units were put in to commission on 6th 
September 1971, and the energy generation during the 
year 1971-72 was 150.43 LU with the PLF of 11.46%. The 
fourth and fifth unit was commissioned on May 1975 and 
June 1975 respectively, the energy generation increased 
to 858.11 LU in 1974-75 with the PLF of 39.11%. After 
that the energy generation shows topsy-turvey from year 
to year and in 1993-94 the generation reached to 929.96 
LU with the PLF of 42.46%. The cost per unit of power 
also increased from 11.78 Paisa in 1983-84 to 26.26 
Paisa in 1992-93. The average annual generation and 
average PLF is 919.51 LU and 39.94% respectively 
which is unsatisfactory performance of the Project, 
because the required annual generation and PLF is 
115.49 MU and 60% respectively. 
(2) Granderbal Hydel Power Station which is a State owned 
Project has an installed capacity of 15 MW and is run 
] 7 i 
through the water of river Sindh. The unit I and II of 
(3 MW each) was commissioned on July 1955 and the 
generation duting the year 1955-56 was 7635.671 MWHRs 
with the PLF of 19.63 per cent. In 1960-61, unit III, 
IV and V were also commissioned and the generation 
during the period was 37156.710 MWHRs with the PLF of 
28.27 percent. But in 1977-78 the generation increased 
to 93587.400 MWHRs with the PLF of 70 per cent. In 
1993-94 the generation went down to 37206.600 MWHRs 
with the PLF of 28.31%, the cost per unit of Power 
also reached to 24 paisa during the same period. Though 
the installed capacity is 15 MW but the average 
generating capacity is only 9 MW with maximum as 11.63 
MW and minimum as 6.2 0 MW. 
(3) The Upper Sindh Hydel Project Stage-I is located at 
SumiDa] in District Srinagar, using water on Sindh river 
has an installed capacity of 22 MW. The first unit 
with 11 MW capacity was commissioned on December 1973 
and the generation during the year 1973-74 was 13916.8 
MWHRs with the PLF of 43.56 per cent. On July 1974 the 
II unit was also commissioned and the total generation 
was 63882.6 MWHRs in 1974-75 with the PLF of 33.14 per 
cent. After that the PLF has been improved and reached 
the mark of 53.68 per cent. From 1981-82 to 1989-90, 
there was variation in generation from year to year but 
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the PLF remained 55 per cent. After that the generation 
was decreased and PLF reached 35.74 per cent in 1992-
93. While the cost per unit of power at Bus Bars was 25 
paisa in 1989-90 and it increased to 42 paisa in 1992-
93. The capacity of the Project during summer and 
winter is 20 MW and 12 MW respectively, while the 
generation during summer and winter is 3.5 and 1.7 LU 
per day. The power of the Project is distributed 
through 132 Kv transmission lines to Bemina Grid 
station Srinagar. 
(4) To combat the crisis of power in Kashmir valley 
espacially in winter the Government has installed 3 x 
25 MW Gas Turbine Station at Kadabal Pampore. The 
benefit of this Plant is available only during the 
winter when the peak demand in Kahsmir region is 480 
MW. The Plant which has an installed capacity of 75 ^ W 
runs only in winter and it can not be used for more 
than 1200 hours in a year . The I, II and III unit of 
25 MW each was commissioned in April 1989, July 1989, 
and December 1989 respectively, while the generation 
during the year 1989-90 was 519.68 LU with the cost per 
unit of power of Rs. 5.10. However, in 1993-94 the 
generation decreased to 466.22 LU with the cost per 
unit of Power of Rs. 5.25. 
(5) The Lower Jhelum Hydroelectric Project (State owned) 
lit 
with an installed capacity of 105 MW is situated on the 
right bank of Jhelum river, in the district of 
Bararnulla (Tehsil Uri) . Unit I, II and III of the LJHP 
were commissioned in 1977, 1978 and 1979 respectively, 
with the installed capacity of 35 MW each. The Project 
is to generate 105 MW of power during the summer (from 
11th March to 20th September) at 90 per cent load 
factor. During the remaining period it generates a 
minimum of 55 MW with two generating sets at 58 per 
cent load factor, and the third is available for check 
up and repairs. In the year 1978 the total generation 
was 2051.53 LU which reached 7326.92 LU in the year 
1986-87. It went down to 5656.38 LU in 1992-93. The 
generation upto Oct. 1994 was 5551.60 LU. From 1978 to 
1994 unit I has generated energy 29869 LU unit II 14339 
LU and unit III 14148 LU, so half of the total energy 
has been generated from unit I. In the summer months 
unit I generated 14674 LU, unit II 8149 LU and Unit III 
7870 LU energy, while in winter months unit I, II and 
III generated energy 15195 LU, 6190 LU and 6278 LU 
respectively. In winter months the low generation is 
due to the lean discharge of water. In 1985-86, the 
cost per unit of power was only 17 pasia which 
increased to 23 paisa in 1993-94. The PLF of LJHP was 
unsatisfactory upto 1981-82, However, it increased 
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considerably to about 63 Per cent in 1982-83 and also 
in 1983-84. It was highest in 1986-87. During 1993-94 
it was 60 per cent which can be said to be 
satisfactory. 
The Salal Hydroelectric Project Stage-I and Stage-II 
(centre owned) with an installed capacity of 690 MW 
(6x115) has been exploited of river Chenab in Udhampur 
district of J&K State.Salal project was taken up in two 
Stages,Stage-I comprising 3 units was commissioned in 
Nov. 1987, with an installed capacity of 345 MW (3 x 
115) Stage - II also comprises three units each with 
an installed capacity of 115 MW. Out of these three 
units two have been commissioned in June 1993 and May 
1994 respectively and the third unit is scheduled to be 
commissioned in March 1995. During 1987-88, the energy 
generation target of the Project was 464 MU and the 
Project achieved 52 8 MU during the same period. But in 
1993-94 the Project failed to achieve the target of 
2300 MU, the reasons of the failure was heavy flood 
which affected the generation of power. So the cost per 
unit of power increased from 45.48 paisa in 1987-88 to 
56.93 paisa in 1993-94. The State's share of power from 
this Project is 35 per cent, which added about 121 MW 
to the power supply in the State. However, the limited 
capacity of the existing transmission line restricts 
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the power supply to the Kashmir valley whereas Jammu is 
to be the only beneficiary of power from the Project. 
So the valley is largely dependent on the supply of 
power from the power Projects which are situated in 
that region. 
Hence at present LJHP constitutes about 36 per cent of 
the total installed capacity in the State and contributes 
about 69 per cent of the total power generation with the 
average PLF of 60 per cent. It is thus clear that the 
overall performance of power Projects in J & K is far from 
satisfactory and as a result the State at present is 
reeling under acute power shortages which have not only 
affected the industrial and agricultural development but 
have also caused miseries for the people of the State. 
However, the situation is expected to improve in the next 
two years with the installed power generation capacity 
likely to be increased by 585 MW. The Indo-Swedish 480 MW 
Uri Hydel Project and the 105 MW Upper Sindh - II hydel 
Project in the valley - are slated to be commissioned within 
the next two years. 
URI HYDEL PROJECT 
Undaunted by the ongoing turmoil in the Kashmir valley, 
work on Uri hydel Project is progressing speedily, raising 
hopes that once the 480 MW Project is commissioned in 
December 1996 , the Power crisis gripping the valley is 
likely to dmprove. Racing against time and working hard to 
keep to the deadline, the Uri civil appears well set to 
commission first of the four units of the Project in 
December 1996. Most of the tunnelling work has been 
completed, though the concreting remains. The tunnelling has 
been done through blasting and drilling which is suitable 
to terrain with the heterogeneous rocks. The Project worth 
Rs. 1,500 crore being built by a consortium of four Swedish 
and British companies, will harness the water of river 
Jhelum which drains the valley. It employs a work force of 
5000. Of this, as many as 2,700 workers are from Baramulla 
district. Among the hundreds of engineers and experts 
working on the site, 200 are from Sweden and Britain. 
Most of the Project, including the power house and a 
10.7 Km long head-race tunnel, is being built underground. 
The barriage complex with spillway, desilting basin and a 
head race canal are the overground components. The civil 
part of the Project is being executed by two Swedish 
companies Kanska and NCC while the mechanical and 
electrical part is being done by British Kvaerner Boving. It 
is doubtful whether the Power Grid Corporation of India will 
be able to lay the 91-km transmission line from the Project 
site upto wagoora before that. The corporation has yet to 
1. May 1997 as per latest information available with the 
Ministry of Power. 
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acquire most part of the land for the purpose. Out of 300 
towers, only 50 towers have been erected so far. The Uri 
Project itself is one and half year behind schedule, due to 
the delay m acquisition of land by National Hydroelectric 
Power Corporation, (NHPC) . 
The Uri Hydro Electric Project was planned by the Power 
Development Department of Jammu and Kahsmir about 20 years 
back in the State sector, but was later on taken up as 
Central Government Project under the NHPC. 
The main task of NHPC in the initial phase was to 
acquire land, required for the construction of the Project 
and handing over the same to Uri Civil . During the 
construction phase NHPC has to approve all the technical 
drawings prepared by Sweco, check the progress of work, and 
certify for payment the quantities of work performed. 
The Uri Civil construction consortium shall hand over 
the Project to NHPC after it has been commissioned and put 
on stream in May 1997, whereafter it will be sole 
responsibility of NHPC to operate the Plant and distribute 
the generated power of 480 MW. 
But it is important to note here that the commissioning 
of Uri Hydel Project will not meet the total demand of power 
in the State, because the State's share of power from this 
Project is likely to be 15 to 20 per cent. Hence the State 
will remain dependent on the existing Power Projects such as 
ITi 
Chenani Hydroelectric Project, Ganderbal Power House, Upper 
Sindh Stage-1 and LJHP. It is therefore necessary to make 
efforts to improve the efficiency of these Projects and also 
to take various other steps to improve the power position in 
the State. The following recommendations may therefore be 
made for consideration of the concerned authorities and 
their implementation accordingly. 
1) The Ganderbal Power House utilizes the water of Sindh 
nallah for reproducing the installed capacity of 15 MW. The 
Study reveals that by using the additional 270 cusecs water 
will increase the capacity up to 20 MW. 
Following suggestions should be adopted to achieve the 
target level :-
i) There should be improvement in the water conductor 
which is designed for less generation and partly 
its condition is deteriorated due to its 
multipurpose function for irrigation, water supply 
and power generation, 
ii) There should be improvement in the maximum drawl 
of 745 cusecs water against 475 cusecs water at 
present. 
iii) The machines and other components of the Project 
are obsolete, so there is need for renovation and 
modernisation of these machines. 
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2) The present Balancing Reservior of the Ganderbal Power 
House should improve from 133 Ac.ft to 184 Ac.ft. It is 
possible to meet the peak demand during winter to the 
extent of installed capacity i.e. 15 MW. by conserving 
water during night hours when demand is very low. The 
time required to conserve the water to meet the peak 
demand during four hours, works out six hours. This is 
the period for which there should be complete shut down 
of the Power House and this is possible only during 
winter hours. 
3) The Sonamarg storage scheme should be implemented, 
because 850 cusecs water would be available through out 
the year, which would improve the power generation of 
Upper Sindh Hydel Project Stage - I, Ganderbal Power 
House and LJHP to a large extent. 
4) With the installation of 4th unit of 35 MW, capacity of 
LJHP would increase from 105 MW to 140 MW, and it would 
contribute the additional capacity of 129 million 
Kwh, which would provide a great relief to the overall 
rec[uirements of power in the State, particularly from 
March to August. Because during this period the river 
discharge the water more than 9300 cusecs. 
In order to improve the power generation of LJHP 
following steps should be take :-
181 
a) Stablizatlon Qf Bearing water coolers 
The coolers of thrust, turbine guide both lower and 
upper <guide bearing are having admirality brass - tubes. 
These tubes punctured frequently while in service. This 
resulted in loss of generation. So there should be 
replacement of coolers and admirality brass tubes by cupro-
nickle tubes. 
b) SteQ>lization of Gates and Gearings 
A lot of loss of water has been observed under the 
various gates installed along the Project, at Barrage, Silt 
Ejector, Escape and Spill-way. This has resulted in loss of 
generation. So in order to check the loss of water there 
should be replacement of worn-out parts and seals. 
c) Inqarovement to Conmiinication System 
The Communication system being vital for safe and 
smooth :ninning of Power House. So there should be laid down 
Jelly cables to improve the communication system of the 
Power House. 
d) SteLbilization of power and unit auxiliary transformers 
There should be spare parts for power transformers, 
this is necessitated due to the fact that at the time of 
failure/damage of any part of the transformer, spares should 
be readily available for replacement of the defunct parts 
for smooth running of power supply. 
5) The one per cent reduction in energy conservation is 
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equivalent to about 500 MW additional out put. So the 
people should be educated regarding the conservation of 
energy for example:-
a) Qo Fluorescent:- They should use fluorescent tubes 
with capacitors in place of bulbs. 
b) Save through quality:- This can be done by use of 
standard electric appliances with ISI marking. 
c) Switch off stablizers:- When the equipment is not 
in use, then stablizers should be switch off. 
d) Standard wiring:- Improper wiring leads to leakage 
currents. 
e) Do not keep refrigrator door open for a long time. 
f) Cook on gas. 
g) Use light colours for painting rooms 
h) Keep bulbs and tubes dust free. This will give 
better utilization of lights, 
i) Switch off un-wanted bulbs and tubes etc. 
j) Use sun light for working during day time 
k) Use electronic fan regulator. 
1) Ban the use of crude water boilers, 
m) Ban the use of heaters and geysers. 
6) The Government should take steps to reduce commercial 
losses hy means of :-
i) Proper checking of energy meters especially of the 
services which are showing nil consumption. 
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ii) Replacement of defective energy meters. 
iii) Checking of multiplying factors where C.T's are 
used in 3-phase services, 
iv) Checking of disconnected services and collection 
of reconnecting and resealing charges from the 
consumer at the time of connection. 
7) Incentives 
As the pilferage of electicity in the State is high it 
would be necessary to motivate the staff especially at 
gross root levels. It could be done by way of giving 
proper rewards to the staff associated with revenue 
collections as well as taking suitable steps for the 
staff which is not performing the duties properly. In 
addition the staff that is engaged in construction and 
generation of power system should also be rewarded so 
that they work with greater efficiency and zeal for 
early completion of Projects as well as obtain optimum 
generation from the existing projects. 
8) A transmission line of 220 KV between Kishanpor in 
Jairimu and Wagoora in Kashmir must be laid down so that 
power from Salal Project could be brought directly to 
the Kashmir valley. 
9) The Government should come forward to make an 
arrangement for technical training for their employees 
by establishing "Electricity technical training 
I H t 
Institute" in the State or by sending the employees of 
power projects to other states for the purpose of 
training. 
10) The existing power tariff in Kahsmir is only 30 paisa 
per unit whereas the Government imports electricity at 
the rate of 1.40 paisa per unit. The position in 
agriculture sector is even worse with electricity 
being supplied at 10 paisa per unit. Hence the tariff 
per unit of power in the State is too low to its cost 
and therefore, it is suggested that the tariff 
structure be modified to make it more compensatory. 
11) The present power position in the State is highly 
uneconomical, so there is immediate need to lay stress 
on self generation rather than import of power from 
outside the State. 
12) The "Wullar lake" in Baramulla district is one of the 
biggest lake of Asia. It would be beneficient to 
construct a barrage on it to generate electricity. 
Hence it is suggested that a barrage be constructed on 
it to regulate the flow of water to generate additional 
power of 105 MW during peak hours in winter and 140 MW 
in summer. 
13) Mini hydro plants which can be completed within three 
years time and requires less investment should be taken 
up to meet the immediate needs and to fill in the gaps 
1H) 
during the period when major hydro schemes are under 
execution. 
14) Recognising the importance of micro-hydel schemes to 
boost-up the small scale industries in villages and 
other developments in remote areas, it is necessary to 
promote such schemes in the hilly regions of the valley 
for example, Matchil, Zanskar, Gurez, Vishow, kahmil. 
15) Out of the possible potentialities of hydro electricity 
only two per cent have been achieved, so there is scope 
for further development of available potential of hydro 
resources which will be sufficient to make more 
contribution to the electricity supply of the State. 
Thus, due attention should be paid to this aspect also. 
16) The Government should also undertake a fresh survey to 
discover and identify fresh hydro electric potential 
and also ascertain the viability of different power 
projects in the State. 
17) Provision of hydro power generation should be made on 
all canal heads and falls, as a matter of policy. Mini 
hydro plants should be set-up to exploit the potential 
of existing canal falls on priority basis. 
18) Thermal power stations use coal as the main fuel to 
generate electricity. It takes about five years to set 
up these plants against about ten years for hydel 
plants. So in view of the increasing population 
18f) 
pressure and likely heavy demand of electricity in the 
State, it is recommended that the Government should set 
up a thermal power station in Jammu region suitably at 
kathua district where both coal and water may be easily 
made available. This will greatly help minimise the 
power crisis during winter in the valley as well as in 
Jammu region. 
19) Besides hydroelectricity, the other alternative sources 
of energy such as solar energy and windpower are the 
most important source of non-conventional energy. Solar 
energy which can be used for water heaters, water 
pumps, furnaces, cookers and lighting etc, can play a 
significant role and help in improving energy situation 
in rural areas. In the State of J & K, Ladakh and Jammu 
region creates ideal circumstances for application of 
solar energy, which receives bright and high resolution 
sun light during most part of the year. These 
conditions coupled with high altitude makes the two 
regions idealy suited to the exploitation of solar 
energy. So far this source has been exploited only in 
Leh district in the Ladakh region and to some extent in 
Jammu region. However in the valley no efforts have so 
far been made in this direction. Likewise the use of 
windpower to pump water for irrigation, livestock and 
domestic use is most popular in some developed 
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countries of the world. In India also the progamme of 
development of wind power has been successfully 
implement in some other states by the Ministry of Non-
Conventional Energy sources. In the State of J & K, 
there is vast scope for wind power in some parts of the 
State, i.e. Baramulla, Banihal, Pawanpuram, Zojilla, 
Brass and Leh. Leh is a remote windy location not 
connected to the regional grid and at the same time has 
a comparatively large infrastructure and concentrated 
loads. Within Leh, identifications of wind^ • locations 
and an understanding of wind flow was arrived at by 
noticing the geomorphological, biological, 
topographical, social and cultural indicators. In view 
of the above it is worth while to suggest that all out 
efforts must be made to harness the solar energy and 
wind energy sources in the State particulary in the 
valley which will be helpful to minimise the emerging 
energy crisis in the State. 
20) Lastly the State Govt, must prepare a plan for private 
sector participation in the Power Sector. This aspect 
has so for remain neglected in the State while other 
States have thrown open this important sector to the 
private firms much earlier. As the State is facing a 
financial crunch there is a vast scope for 
participation of private entrepreneurs and the State 
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Govt, must announce steps to boost investment in this 
area. 
It is also suggested that the existing Power 
Projects in the State which are at a standstill due to 
want of proper finance must also be handed over to the 
private firms. However, this is possible only when 
favourable conditions are created in the State and 
special incentives are announced to attract private 
investments. 
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